1. Introduction {#s0005}
===============

Metamorphic core complexes (MCCs) are particular structures of the continental and oceanic crust within extensional tectonic settings (e.g., [@bb0390], [@bb0495], [@bb0485] and references therein), which rocks represent ductile/plastically deformed rocks exhumed from middle-lower crustal levels to the surface. Continental core complexes may occur in orogenic settings under an overall regime of plate convergence ([@bb0485]). Therefore, the middle crustal level position bears important information on the structural and metamorphic evolution of continental crust during continent--continent collision. Many details are known on the exhumation history and structures related to exhumation juxtaposing the typically epidote--amphibolite grade metamorphic MCC to unmetamorphic upper plate rocks. However, less attention is paid to the internal structure of MCCs and possible overprint structures and microfabrics, which may contribute to the knowledge of intrinsic processes responsible for formation of the MCC structure in a specific geodynamic setting ([@bb0035]). Due to the strong structural overprint during late-stage or progressive tectonic events, the early deformation history cannot be reconstructed by the investigation of mesoscale structures alone (e.g., [@bb0240]). Therefore, macrostructural and microstructural studies combined with the evaluation of lattice-preferred orientation (LPO) of main minerals represent important tools for obtaining information on deformation mechanisms operating in naturally deformed rocks within such crustal sections.

Here, we describe the structural evolution of a MCC, the greenschist-facies metamorphic Rechnitz window, at the eastern termination of the Eastern Alps, which formed within an extensional setting and is surrounded by a contemporaneously formed Neogene sedimentary basin ([@bb0365], [@bb0455]). However, few detailed investigations of the structure, microstructures and textures have been done within the Rechnitz metamorphic core complex (RMCC) except for the structure ([@bb0365], [@bb0505]) and some zircon fission track ages and a single ^40^Ar/^39^Ar age ([@bb0070], [@bb0075], [@bb0375]) have been published. This paper presents the evolution of meso- and microstructures, LPOs of quartz and calcite and thermobarometric results of white mica and chlorite from the entire RMCC. These new data constrain the deformational behavior of the RMCC during distinct phases of deformation during polyphase metamorphism. The principal aim of the paper is to describe the progressive tectonic evolution of the Penninic units exposed within the Rechnitz window, and to trace the history until its exhumation, which makes it to a peculiar Cordilleran-type MCC. The results have significant implications for the rheological constraints of other low-grade MCCs and for the evolution of the Alpine orogen.

2. Geological setting {#s0010}
=====================

2.1. Regional tectonic setting {#s0015}
------------------------------

The Penninic windows are exposed along the central axis of the Eastern Alps, and include the Tauern window and the Rechnitz window ([Fig. 1](#f0005){ref-type="fig"}). All of the these windows expose the infill of the Jurassic-Cretaceous Penninic ocean ([@bb0415] and references therein), which was subducted underneath the northern Austroalpine margin of the continental Adriatic microplate and which was metamorphosed within high-pressure conditions during Cretaceous or Paleogene times and overprinted by Oligocene to Early Miocene regional metamorphism. Only the Tauern window exposes the Variscan Central Gneiss basement unit and the overlying Upper Carboniferous to Cretaceous cover, which is underlying the obducted infill of the Penninic Ocean. The Rechnitz window group represents the easternmost Penninic windows of the Alps and that is only one partly covered by Neogene sediments (Karpatian in the local Paratethyan time scale: [@bb0355]) ([Fig. 1](#f0005){ref-type="fig"}, [Fig. 2](#f0010){ref-type="fig"}). The Rechnitz window group comprises, from south to north, the Eisenberg, Rechnitz, Bernstein and Möltern windows, which are all located on the South Burgenland High ([@bb0080], [@bb0205]), a basement high within the westernmost Pannonian basin ([Fig. 2](#f0010){ref-type="fig"}). In this paper, we only deal with the Rechnitz window, which is the largest of these four windows.

In all Penninic windows, initial stacking of an upper ophiolite unit over lower continent-derived cover units occurred within a subduction channel and units were affected by initial high-pressure metamorphism. Subsequent exhumation of previously subducted and stacked units was accompanied by amphibolite facies metamorphic conditions in the central Tauern window and by greenschist facies metamorphic conditions in all other Penninic windows mentioned above ([@bb0180], [@bb0190], [@bb0195], [@bb0200], [@bb0230], [@bb0375]). Peak conditions of the regional metamorphic overprint within Penninic windows were likely reached during the Oligocene although data are scarce except for the Tauern window. Oligocene to Miocene exhumation was accompanied by ca. E--W to ESE--WSW extension during lateral extrusion ([@bb0015], [@bb0110], [@bb0300], [@bb0305], [@bb0360], [@bb0365], [@bb0435]) accommodated by ductile low-angle normal faults and is contemporaneous with subsidence of the Neogene Pannonian basin. Extension also resulted in thinning of both orogenic crust and lithosphere. E.g., underneath the Pannonian basin, the lithosphere is thinned to ca. 55 km. The South Burgenland High is a horst structure within the thinned orogenic crust of ca. 30 km ([@bb0120]), ca. 10 km less than in the northwestern adjacent area ([Fig. 2](#f0010){ref-type="fig"}). As mentioned above, exhumation of the Tauern window and the Rechnitz window group is considered as one system, which is partly accommodated by brittle extension of the hangingwall Austroalpine unit, which also carries halfgraben-type basins ([Fig. 1](#f0005){ref-type="fig"}).

2.2. Rechnitz window group and overlying units {#s0020}
----------------------------------------------

The history of research of the Rechnitz window dates back to the nineteenth century and is compiled in [@bb0330], [@bb0365] and [@bb0140]. The Rechnitz window group mainly exposes various types of phyllites, calcareous phyllites, thin quartzites and marbles, serpentinites, and greenschists. The Rechnitz window has been overthrusted by the Austroalpine nappe complex ([Fig. 1](#f0005){ref-type="fig"}). The lowest Austroalpine units are represented by the Wechsel and Kirchberg--Stuhleck nappes. As elsewhere in the Austroalpine nappe complex, these units are overprinted by Cretaceous-age metamorphism mostly within greenschist-facies conditions in Wechsel and Kirchberg--Stuhleck nappes ([@bb0060], [@bb0055], [@bb0100], [@bb0105], [@bb0290]) and eclogite facies conditions in the Sieggraben nappe ([@bb0310]). The contact between Rechnitz window and the overlying Kirchberg nappe (with the Grobgneiss unit) is poorly exposed at the northwestern corner of the Rechnitz window and is more continuous around the Bernstein window ([Fig. 2](#f0010){ref-type="fig"}, [Fig. 3](#f0015){ref-type="fig"}). The Rechnitz window group and overlying tectonic units are located along the South Burgenland High (e.g., [@bb0120]; [Fig. 2](#f0010){ref-type="fig"}) and are surrounded by the Karpatian to Upper Miocene fill (ca. 18--9 Ma) of the Pannonian basin. The basement high separates the Fürstenfeld basin, which is a subbasin of the Styrian basin, in the west from the up to 3000 m deep Danube basin in the east. Along the eastern margin of the South Burgenland High, a well penetrated the Neogene Danube basin, the underlying Kirchberg nappe and reached finally, after penetrating a mylonite zone, the Penninic units of the Rechnitz window ([@bb0255]).

The tectonostratigraphy of eastern sectors of the Austroalpine units is shown in [Fig. 3](#f0015){ref-type="fig"} and relevant ages of Alpine metamorphism are discussed in the following text. Penninic units of the Möltern and Bernstein windows are overlain by a succession of basement-dominated nappes, which went through a distinct degree of Cretaceous-aged metamorphism ranging from greenschist to eclogite facies conditions ([Fig. 3](#f0015){ref-type="fig"}). These include: (1) Wechsel Gneiss and Phyllite units with Cretaceous-age greenschist facies metamorphism ranging from 75 to 82 Ma ([@bb0060], [@bb0290]), (2) these are overlain by the Kirchberg nappe with Variscan granite gneisses and migmatites and a Permotriassic cover metamorphosed within greenschist facies conditions and with ages at around 80 Ma ([@bb0105]), (3) the Kirchberg nappe is again overlain by eclogite- and amphibolite facies metamorphic rocks (eclogite, orthogneiss, paragneiss and marble) of the Sieggraben nappe with Ar--Ar mineral ages of 105 to 80 Ma ([@bb0310]), and (4) finally, the Penninic Eisenberg window is in direct contact with unmetamorphic Devonian dolomites, which are considered to be part of the Graz Paleozoic unit ([@bb0430]). The later contact means that all units from the Wechsel to Sieggraben nappes are cut out by late-stage normal faulting. In summary, the distribution of Austroalpine nappes shows tectonically thinned and cut, that we interpret this structure as the result of semi-ductile to brittle normal faulting. No later thermal overprint on Austroalpine units subsequent to the above mentioned Late Cretaceous mineral ages was detected by Ar--Ar mineral dating.

[@bb0455] explained the structural relationships between the Rechnitz window and the overlying sediments of the Pannonian basin and postulated the present structure as a MCC. The exhumation history of the RMCC is constrained by petrological ([@bb0185]), geochronological data ([@bb0075]) and structural data ([@bb0365]). [@bb0185] determined temperature and pressure ranges of a subduction related blueschist metamorphism with T = 330--370 °C and P = 6--8 kbar dated by Ar--Ar amphibole at 57 ± 3 Ma ([@bb0375]) from the upper, ophiolite-bearing tectonic unit. The temperatures during the late Alpine greenschist-grade metamorphic overprint range from 350 °C to 430 °C ([@bb0185]), staying, therefore, well within or below the argon retention temperature of white mica (430 ± 25 °C; [@bb0130]). Zircon fission-track ages range from 21.9 to 13.4 Ma ([@bb0070]), which are similar to the white mica K/Ar ages (19 and 23 Ma for the greenschist facies metamorphism; compilation in [@bb0075]). The RMCC is bordered by low-angle normal faults along its eastern and western margins (e.g., [@bb0255], [@bb0455]). The major faults were interpreted to have triggered unroofing and subsequent exhumation of the RMCC. The cooling rate during exhumation during Early Miocene extension was high (\~ 40 °C/Ma: [@bb0070]). Representative microfabrics and calcite textures of the western part of the Rechnitz window were published by [@bb0365] and some quartz textures by [@bb0505]. Zircon FT ages decrease towards the east due to the gradual southward sliding of the overlying Austroalpine nappe complex along low-angle normal faults, suggesting later exhumation in the east related to the rolling hinge model. [@bb0075] observed and modeled the thermal effects on overlying Neogene sediments.

3. Techniques and samples {#s0025}
=========================

3.1. Fabric analysis {#s0030}
--------------------

Outcrop-scale structural features, e.g., folds, shear bands, tectonic foliations and lineations, were studied and sampling was completed on this basis. All thin sections prepared for microfabric and texture analysis were cut parallel to the kinematic XZ plane (X --- parallel to lineation, Y --- parallel to foliation and normal to lineation, and Z --- normal to foliation). Mineral deformation features and rock microstructure are characterized with special reference to quartz, feldspar, mica and calcite. The deformation conditions, e.g., the temperature, are estimated using microstructural criteria, and muscovite and chlorite compositions.

3.2. Electron-backscatter diffraction (EBSD) techniques {#s0035}
-------------------------------------------------------

Thin sections were cut from the samples and polished using Buehler Mastermet colloidal silica and a Buehler grinder-polisher. LPOs were measured using a electron-backscatter diffraction (EBSD) detector mounted on a tungsten filament Hitachi S-3400N-II scanning electron microscope (SEM) at the China University of Geosciences, Beijing. Highly polished thin sections were prepared without cover and lapped finally using a colloidal silica suspension with a particle size of 500 nm for 1--3 h. Then the thin sections were put in the scanning electron microscope chamber with a 70° tilt angle and with the rock lineation (structural X reference direction) parallel to the SEM X-axis. The electron backscatter patterns (EBSP) were acquired at a low acceleration voltage of 15 kV and a beam working distance of ca. 18--20 mm. Conducting resin taps attached to the sample surface surrounding the measurement area were used to reduce charging effects. The EBSP data acquisition was done using both point scan and mapping modes. Indexing was accepted when at least six detected kikuchi bands matched with those in the standard reflector file for the analyzed mineral phases and indexed points with a Mean Angular Deviation (MAD) larger than 1.2 (between detached and simulated patterns) were eliminated to avoid suspicious indexing. Although some small step sizes will produce duplicate measurements in some big grains, the results are statistically reliable. EBSP analysis was completed using the HKL Channel 5 software package. The pole figures were plotted in equal area stereographic diagrams of the lower hemisphere with the trace of the mylonitic foliation (S) and the stretching lineation (L) as reference directions. Systematic misindexing was noted in automated orientation maps and such data were replaced by zero solution pixels.

3.3. Electron microprobe analysis {#s0040}
---------------------------------

Electron Microprobe Analysis (EMPA) of mineral chemistry of white mica and chlorite were carried out on a JEOL electron microprobe (JXA-8600) at the Department of Geography and Geology, University of Salzburg, using a wavelength dispersive system. We used an acceleration voltage of 15 kV and a sample current of 40 nA. Natural and synthetic mineral standards were used to calibrate the microprobe and raw data was reduced using standard ZAF correction. The detection limits (2σ) for the elements Si are Al are 0.06 wt.% and 0.04 wt.%, respectively, for Na, K, Mg, Mn, and Fe are 0.025 wt.%.

4. Structures and progressive structural evolution of the RMCC {#s0045}
==============================================================

Two tectonic units separated by a ductile thrust fault can be distinguished within the RMCC ([Fig. 4](#f0020){ref-type="fig"}, [Fig. 5](#f0025){ref-type="fig"}a): (1) a lower unit mainly composed of Mesozoic metasediments including phyllites, calcareous phyllites and some quartzitic phyllites, and (2) an upper unit with mainly greenschists and serpentinites associated with some other ophiolite remnants such as ferro-gabbroic blueschist and meta-rodingite ([@bb0160], [@bb0185], [@bb0195], [@bb0200], [@bb0280]; [Fig. 2](#f0010){ref-type="fig"}, [Fig. 3](#f0015){ref-type="fig"}, [Fig. 4](#f0020){ref-type="fig"}). The upper unit comprises rare relics, mainly blueschists, of high-pressure metamorphism ([@bb0185], [@bb0250], [@bb0375]). Both units were metamorphosed within greenschist-facies conditions during earliest Miocene (23--18 Ma) and were subsequently rapidly exhumed and cooled ([@bb0070], [@bb0075], [@bb0185]). These units have been affected by a polyphase deformation history associated with metamorphism. Our detailed structural analysis reveals that the internal structure of the RMCC is characterized by the following four successions of structure-forming events: (1) poorly exposed blueschist relics formed due to subduction (D~1~) and are followed by (2) ductile nappe stacking (D~2~) of the ophiolite nappe over a distant passive margin succession ([Fig. 4](#f0020){ref-type="fig"}, [Fig. 5](#f0025){ref-type="fig"}a, [6](#f0030){ref-type="fig"}a), (3) greenschist facies-grade metamorphic annealing dominates in the lower unit, and (4) ductile low-angle normal faulting (D~3~) at low-temperature conditions, and (5) a late-stage folding (D~4~) with ca. WNW--ESE shortening with folds which are sometimes associated with ca. WSW-dipping axial plane foliation S~4~. Cross-sections as shown in [Fig. 5](#f0025){ref-type="fig"} indicate a (6) doming of the Rechnitz along an ENE trending axis. The Rechnitz dome is separated from the Bernstein window by a synform with Karpatian sediments and the NNW--SSE shortening is consequently younger than Karpatian (younger than 16 Ma).

4.1. D~1~ structure {#s0050}
-------------------

The scarce blueschists are massive and show only a weak foliation and a mineral lineation L~1~ composed of fine-grained blue amphibole. No good D~1~ structures are preserved in investigated samples and their study remains outside of the scope of the present study.

4.2. D~2~ deformation structure {#s0055}
-------------------------------

Mesoscopic deformation D~2~ structures are related to ductile nappe stacking developed mostly in the upper nappe and at the top of the lower nappe ([Figs. 4](#f0020){ref-type="fig"}a and b, [6](#f0030){ref-type="fig"}a and b). Nappe stacking resulted in the well developed penetrative foliation (S~2~) and stretching lineation (L~2~) ([Fig. 6](#f0030){ref-type="fig"}b and c). The L~2~ lineation is generally observed along southern and western sectors of the study area. The foliation and lineation are defined by elongated minerals (e.g. parallel alignment of mica) and aggregates of recrystallized quartz and mica. The foliation strikes either N--S (west) or E--W (south) and dips moderately either to the east, west or south in the schist and phyllite. The fabrics are largely well annealed due to later heating at greenschist metamorphic conditions. The stretching mineral lineation in micaschists and phyllites is subhorizontal and plunges gently E or W or WNW or ESE, respectively. The D~2~ deformation stage resulted in dominant pure shear fabrics with isoclinal folds with subhorizontal axial surfaces in the interior of the RMCC observed in the southern part ([Fig. 6](#f0030){ref-type="fig"}b). Low-temperature D~3~ fabrics overprinted simple shear fabrics along margins (see below).

4.3. D~3~ deformation structure {#s0060}
-------------------------------

Most commonly D~3~ deformation is characterized by the development of a second continuous and discontinuous penetrative foliation S~3~, and a ca. NE-trending stretching lineation L~3~ ([Figs. 4](#f0020){ref-type="fig"}a and b, [6](#f0030){ref-type="fig"}c--f). The lineation is defined by the preferred parallel alignment of the longest dimension of asymmetric feldspar porphyroclasts, stringers of quartz grains, and elongated aggregates of recrystallized quartz and white mica. D~3~ fabrics are tentatively related to ductile low-angle normal faulting, which is related to the formation of the overall RMCC structure.

A wide range of kinematic criteria related to D~3~ is observed. The different asymmetric fabrics, e.g. shear bands, fabrics around and extensional veins, consistently indicate a top-to-the-NE shear ([Fig. 6](#f0030){ref-type="fig"}c--f). A few S--C fabrics are formed, with S-planes defined by grain aggregates of elongated quartz and feldspar and C-planes by chlorite and biotite grains, which also typically show a motion of the hangingwall towards the northeast. This observation, coupled with penetrative fabrics throughout these rocks recording top-to-the-northeast shearing strain, suggests that the deformation fabrics in rocks resulted from a northeast-directed simple shear. This kinematic interpretation is supported by the microstructural investigations of calcite marble and quartzite outlined as follows below.

4.4. D~4~ deformation structure {#s0065}
-------------------------------

A common structural feature related to D~4~ deformation is the typical mesoscale-style folds along eastern parts of the RMCC. They are characterized by their axes trend subnormal to L~3~ and S~3~ (D~3~) ([Figs. 4](#f0020){ref-type="fig"}c, [6](#f0030){ref-type="fig"}g and h). These folds refold the combined foliation S~2~/S~3~ and the metamorphic compositional layering, are upright, tight and vergent towards the E with a non-penetrative steep, W-dipping axial plane foliation S~4~. D~4~ is the final stage of ductile upper crustal deformation and does not significantly affect, but bends, the quartz and calcite microfabrics and textures.

5. Deformation microstructures in the Rechnitz window {#s0070}
=====================================================

Microfabrics and microstructures are mostly related to ductile nappe stacking (D~2~), respectively to ductile low-angle normal faulting (D~3~). Such characteristics are exemplified by fine-grained mylonitized micaschist, calcite marble and mylonitic phyllite. Distinctive microstructures were obtained through quartz, feldspar, white mica and calcite as shown below ([Fig. 7](#f0035){ref-type="fig"}, [Fig. 8](#f0040){ref-type="fig"}).

5.1. D~2~ microstructures {#s0075}
-------------------------

### 5.1.1. Quartz and white mica {#s0080}

Deformed and partly mylonitized micaschists and phyllites are the major constituents of the RMCC, which show well-preserved evidence for two deformation stages ([Fig. 7](#f0035){ref-type="fig"}). Quartz microstructures related to D~2~ deformation display high-temperature and annealed microfabrics ([Fig. 7](#f0035){ref-type="fig"}a--c). In the eastern-middle sectors, microstructures developed during D~2~ deformation are very well preserved. Quartz shows partly equilibrated, equigranular, polygonal grains with grain boundaries forming triple junctions (120°) ([Fig. 7](#f0035){ref-type="fig"}a, b). Sometimes, a preferred orientation of crystallographic axes is missing. The most common quartz grains show irregular or serrated grain boundaries and partly subgrain formation, which imply deformation at a relatively high temperature by grain boundary migration recrystallization. It is well evidenced that during grain boundary migration white mica is overgrown by dynamically recrystallized quartz grains ([Fig. 7](#f0035){ref-type="fig"}b and c). The average size of the quartz grains equals ca. 0.6--1 mm. The grain size highly depends on the presence of second phase minerals. Some quartz grains are elongated and bear a slight undulatory extinction that is weakly recrystallized. These features suggest heating annealing during subsequent metamorphism.

The mylonitic rocks typically contain 20--10% white mica, which consist of two generations (D~2~ and D~3~). Coarse grains are distributed in the rock and have a shape-preferred orientation (D~2~). Some white mica aggregates are sheared and form S--C fabrics, indicating the shear sense. The second type of white mica grains (D~3~) are fine grains generally concentrated in micro-scale shear zones, whose original shape has been extensively modified by recrystallization. In the southern and western sectors, they were mostly affected by D~3~ ([Fig. 7](#f0035){ref-type="fig"}e--h). D~2~-related microstructures are locally preserved. In places, serrated and irregular grain boundaries are observed. Locally, quartz presents polygonal equigranular shapes and triple junctions. Further low-temperature deformation overprint is only related to the subsequent deformation D~3~. Coarse white mica grains present mica-fish fabrics, indicating the shear sense ([Fig. 7](#f0035){ref-type="fig"}h).

### 5.1.2. Calcite {#s0085}

Calcite mainly occurs within mylonitic marbles, calcareous micaschists and phyllites of the RMCC, which can be found in most locations and provide significant evidence of ductile deformation. In the eastern-middle sectors, microstructures of calcite from the mylonitic micaschists are characterized by intracrystalline plastic deformation ([Fig. 8](#f0040){ref-type="fig"}). In parts, the grains show serrated and irregular boundaries (D~2~). Later recrystallized grains around the elongated relictic grains can be identified ([Fig. 8](#f0040){ref-type="fig"}a), producing a typical core--mantle structure (D~3~) ([Fig. 8](#f0040){ref-type="fig"}b and c). These larger grains bear several sets of twins or polyphase twinnings (twins in twins) at different angles, potentially indicating that they were caused by multiple deformation stages. Generally, thick twin lamellae (types III and IV according to [@bb0090]) and low twin intensities are developed at high temperatures (D~2~), thin twin lamellae (types I and II) and high twin intensities are formed at lower temperatures (D~3~) ([@bb0090]) ([Fig. 8](#f0040){ref-type="fig"}d). Thick patchy twins were mostly modified by dynamic recrystallization.

In most samples from the southern-western sectors, calcite is characterized by strongly elongated grains, which form a shape preferred orientation subparallel to the foliation plane ([Fig. 8](#f0040){ref-type="fig"}e, f). The elongation is much stronger than in the eastern-middle sectors of the RMCC. These grains have straight or slightly curved boundaries indicative of grain boundary migration recrystallization. Some larger calcite grains are volumetrically dominated by twins and, where grain boundaries are shared by quartz, twinning is frequently more intense. Type III and IV twins are much less common and only occur in large grains, which have not undergone complete recrystallization, and which record a snapshot of the earlier deformation at a higher temperature (D~2~) ([Fig. 8](#f0040){ref-type="fig"}g). Type III and type IV twins progressively rotated relative to the shear plane and the principal stress axis is \< 45° to the shear plane, indicating that they were formed during D~2~, not during stage D~3~.

5.2. D~3~ microstructures {#s0090}
-------------------------

### 5.2.1. Quartz and white mica {#s0095}

The progressive development of microstructures broadly indicates D~3~ deformation overprint on D~2~ greenschist facies conditions, where the low-temperature recrystallization of quartz crosscuts the high-temperature deformation fabric ([Fig. 7](#f0035){ref-type="fig"}, [Fig. 8](#f0040){ref-type="fig"}). In the eastern and middle sectors of the RMCC, late deformational overprint under decreasing temperature conditions is observed in the intracrystalline microstructure. This shows evidence of low-temperature plastic deformation, such as deformation lamellae, undulose and patchy extinction, and subgrain formation. The subgrain boundaries are subparallel to prism planes. In the mylonitic quartzphyllites, quartz-rich domains are characterized by shape preferred orientation (SPO) of the long axes of elongated dynamically recrystallized quartz grains. The preferred grain shape alignment (Sb) is oblique to the foliation (Sa) (e.g., [Fig. 7](#f0035){ref-type="fig"}e). The obliquity between foliation and Sb ranges between 5--35°. Such microstructures have been classified as type II S--C mylonites by [@bb0265], here indicating a top-to-the-NE simple shear component during deformation stage D~3~. The quartz microstructures were subsequently affected by superimposed low-temperature deformation, also evidenced by small scale serration of grain boundaries and rare occurrences of small grains (new grains or subgrains) in the triple junctions of the larger quartz grains. Some polygonized grains of quartz occur in pressure shadows on both sides of feldspar grains ([Fig. 7](#f0035){ref-type="fig"}d). These have been interpreted as a major imprint of a late strain increment (e.g. [@bb0030], [@bb0245]). This overprint can be correlated with the low-temperature bulging recrystallization (BLG). Irregular and lobate grain boundaries are weakly developed. A similar D~3~ deformation overprint on D~2~ fabrics also occurs in the southeastern and western sectors of the Rechnitz window. In parts, annealed quartz grains show crystal plastic deformation and dynamic recrystallization by progressive deformation processes. Quartz rods or scattered quartz grains within the mylonitic greenschists are characterized by plastic deformation and strong dynamic recrystallization. The coarse grains of quartz are elongated or rotated, showing high undulatory extinction and strong formation of subgrains. Dynamically recrystallized quartz grains with a transitional core and mantle microstructure are observed ([Fig. 7](#f0035){ref-type="fig"}). The microstructures indicate dislocation creep (mainly dislocation glide) as the main deformation mechanism of coarse quartz grains, also associated with BLG recrystallization. In some places, dynamic recrystallization of quartz is also dominated by subgrain rotation. The various criteria, e.g., shear bands, S--C or ECC structures (extensional crenulation cleavage) defined by grain aggregates and by strongly elongated grains, in rock samples and thin sections, as well as sigma or delta fabrics of feldspar and quartz porphyroclasts and mica fish ([Fig. 7](#f0035){ref-type="fig"}d), consistently indicate bulk to- the NE shearing related to D~3~ along at the southwestern and eastern boundary of the lower units within the Rechnitz window. Thus, the low temperature overprint is associated with extension during deformation.

### 5.2.2. Calcite {#s0100}

Calcites related to D~3~ deformation vary in elongation and shapes with progressive deformation ([Fig. 8](#f0040){ref-type="fig"}). In the eastern-middle sectors of the RMCC, dynamic recrystallization by grain-boundary and twin boundary migration possibly occurs, producing coarse-grained microstructures ([Fig. 8](#f0040){ref-type="fig"}a--c). Some grains are surrounded by dynamically recrystallized grains producing a core--mantle structure. In the mylonitic carbonate phyllite samples, the calcite is extremely elongated and shows preferred orientation parallel to the macroscopic foliation. In the western-southern sectors, calcite microstructures related to D~3~ deformation show formation of a fine-grained fabric with progressively elongated grains during shearing. Calcite grains with irregular or serrated grain boundaries show a clear elongation that is oriented subparallel or almost completely parallel to the shear plane by internal plastic deformation. The elongation of the calcite grains is stronger near the southern and southwestern margins of the RMCC than within the central and eastern parts. The calcite grains are extremely elongated with an aspect ratio of 6 and show a SPO subparallel to the macroscopic foliation. Within these samples a new continuous and discontinuous foliation (S~3~) was formed by the recrystallized white mica aggregates and opaque minerals ([Fig. 8](#f0040){ref-type="fig"}). A few bent twins were formed in the stage of deformation and were rotated during further strain towards parallelism with the shear zone boundary. Calcite crystals are mostly twinned and show evidence for twin boundary migration with sutured or irregular edges along the twin boundary. In some samples, the calcite grains are homogeneously twinned by a single set of e-twins oriented subparallel or slightly oblique to the penetrative foliation. However, most calcite twins are thin (2--10 μm) and straight, similar to type I and type II of [@bb0090] are related to low D~3~ deformation temperatures. The thin twin sets should relate to D~3~, which commonly intersect with another (D~2~) at an angle of 128°. Twin-c-axis-pairs indicate an orientation of the maximum principal stress with ca. 45° to the shear plane, indicating the twins formed and deformed during the last stage of deformation (D~3~) ([@bb0235], [@bb0370], [@bb0385]). Thus, the calcite crystals were deformed by intracrystalline plastic deformation, which was accommodated by twinning and dislocation creep. The elongation of the calcite grains and rotation of initial twins into an orientation parallel or subparallel to the foliation reflect mesoscopically high strain deformation structures.

6. EBSD textures and interpretations {#s0105}
====================================

6.1. Quartz LPO patterns {#s0110}
------------------------

Quartz LPO analysis was conducted on seven mylonitic quartz-rich rocks from the middle and eastern sectors of the RMCC. The volume fraction of quartz in these samples varies from 30 to 75%. Quartz LPOs are presented in [Fig. 9](#f0045){ref-type="fig"}. In mylonitic quartz--phyllite samples (RE16, RE14), the LPOs of quartz are characterized by maxima either at the Y or close to the Y axis, or between the X and Z directions, which indicates an active rhomb \< a \> slip and basal \< a \> slip. The girdle is partly developed in samples RE11 and RE20, which is composed of a Y maximum and weakly asymmetric girdle. In sample RE11, the asymmetrical girdle has a 65° open angle. The quartz fabrics in sample RE10 is characterized by a Y-axis maximum and asymmetrical girdle with an 85° open angle. Crossed girdles are due to a combination of the fabric components from rhomb \< a \> and basal \< a \> slip. Sample RE13B shows a Y-axis maximum and contains certain asymmetric sub-maxima in the XZ section. Well-developed single maxima in mylonitic quartz-rich phyllite samples (e.g. RE13A) show the maxima asymmetrically distributed in relation to the XZ, suggesting activation of the \< a \> basal slip of quartz. The rhomb slip coexists with the basal slip implying a predominant early medium-temperature deformation and a late low-temperature deformation superimposition, which is consistent with microscopic observations.

In contrast, LPO-dominated patterns of mylonitic quartz-rich samples are collected from the southern-western sectors ([Fig. 9](#f0045){ref-type="fig"}). These fabrics of quartz are mostly characterized by two maxima within the great circle (XZ) and also contain some maxima close to Y (RE28A, RE31, RE29, RE6A), which are regarded as the activation of a basal \< a \> slip. It is noteworthy that two maxima are stronger than the others within the great circle, which may be attributed to the strong effect of low temperature superimposition components in a general shear setting during the microfabric formation. The XZ maxima are asymmetric, implying that non-coaxial shearing plays a dominant role during maxima formation. The asymmetric quartz fabrics indicate a top-to-the-NE shear sense.

6.2. Calcite LPO patterns {#s0115}
-------------------------

Calcite LPO analysis was conducted on mylonitic rocks from the middle-eastern and western-southern sectors of the RMCC ([Fig. 10](#f0050){ref-type="fig"}). Despite moderate shearing of calcites, as indicated by the microstructures, strong LPOs were developed during deformation. Four calcite-rich samples were measured from eastern-middle sectors. Sample RE20 displays a wide c-axis---\< 0001 \> maximum close to Z and a weak wide girdle in XZ, the c-maxima oriented normal to the stretching lineation and shear plane (foliation-XY), a broad a-axis girdle parallel to the shear plane with a higher abundance of the stretching lineation (the X direction), and e-plane (f-twin) poles. These samples (e.g. RE16, RE11) are characterized by a broad single maximum of the c-axis---\< 0001 \> perpendicular to the shear plane accompanied by a weaker girdle of the c-axis---\<0001 \> in the YZ plane. The \< a \> axes are distributed within a broad girdle in or close to the XY shear plane with a maximum in the X-direction and the f \<e\>-twin poles are weakly distributed on a similarly oriented axis. Sample RE14C displays a broad c-axis---\<0001 \> maximum oriented normal to the stretching lineation and shear plane, a broad a-axis girdle parallel to the shear plane with a higher abundance in the stretching lineation, and e-plane (f-twin) poles.

Six calcite-rich samples were measured from southern-western sectors of the RMCC. LPOs are characterized in calcite-marbles (samples RE6A, RE31B) by a broad c-axis---\< 0001 \> maximum normal or subnormal to the shear plane. The \< a \> axis is distributed within a girdle in or close to the XY shear plane with a maximum in the X-direction and the f \< e\>-twin poles are weakly distributed on a similarly oriented axis. The LPO patterns with a c-axis distribution are oblique to the shear plane. Sample RE28B displays c-axis---\<0001 \> maximum oriented subnormal to the stretching lineation (with a slightly oblique angle \< 10°) and shear plane, an a-axis girdle parallel to the shear plane with a higher abundance of the stretching lineation, and e-plane (f-twin) poles. Sample RE22B displays a broad c-axis---\< 0001 \> maximum oriented normal to the stretching lineation and shear plane and a weak wide girdle in XZ. A broad a-axis girdle is parallel to the shear plane with a higher abundance in the stretching lineation, and e-plane poles. The LPO of mylonitic carbonate schist (sample RE31A) exhibits a weak c-axis girdle distribution in the YZ plane and c-axis---\< 0001 \> maximum close to the Z-axis of finite strain. The pole figures of the a-axis girdle are oriented parallel to the shear plane and the f-twin poles are weakly distributed on a similarly oriented axis.

7. Thermobarometric calculations {#s0120}
================================

Beside white mica, chlorite is one of the most common minerals formed during very low-grade and low-grade metamorphism (especially in greenschist facies conditions) to moderate thermobarometric conditions (150 °C--450 °C, and up to a few kilobar) ([@bb0045], [@bb0050]) although the chlorite thermometer should be used with caution. To obtain constraints on the temperature conditions of shearing (D~3~) and to determine the amount of inheritance of minerals from the high-pressure (D~1~) and the thermal metamorphism (D~2~ and D~3~), thin polished sections were prepared from the lower and upper unit rocks for the analysis of chlorites and white mica.

7.1. Geothermobarometry methodology: introduction {#s0125}
-------------------------------------------------

[Table 1](#t0005){ref-type="table"} shows selected results of individual analyses of white mica and [Table 2](#t0010){ref-type="table"} shows the results for chlorite including calculated temperatures (see below). The structural formulae have been calculated on the basis of 28 oxygens for chlorites, and of 22 oxygens for white mica. We selected five chlorite-bearing phyllitic samples for this exercise. Sample RE10 is from the eastern part and sample RE19 from the central part of the lower unit. Samples RE4, 28, and 29 are from the south-western sectors along the boundary between the upper and lower units. We applied phengite barometry on white mica based on the experimental calibration of [@bb0270] because of the potential preservation of phengite-rich white mica formed during the high-pressure metamorphism. Three different types of composition chlorite geothermometers were applied in this work: (1) geothermometer of [@bb0045] (T1) based on the number of tetrahedral Al; (2) geothermometers of [@bb0210] (T2) and [@bb0170] (T3) based on the number of tetrahedral Al and the value Fe/(Fe + Mg). The results obtained by the application of these three geothermometers to the chlorites analyzed are summarized in [Table 2](#t0010){ref-type="table"}. The [@bb0045] (T1) equation yields results very similar to the [@bb0210] and [@bb0170] methods ([Table 2](#t0010){ref-type="table"}, results of geothermometers T1, T2 and T3, respectively).

7.2. Thermometry and barometry results {#s0130}
--------------------------------------

According to backscatter electron analysis (BSE), two microfabric types are observed for the occurrences of white mica and chlorite ([Fig. 11](#f0055){ref-type="fig"}), (1) type I microlithon. Early formed coarse-grained white mica and chlorite occur within the microlithons (D~2~), where these minerals are seemingly in equilibrium with the surrounding mineral assemblage; and (2) type II micro-shear zones. The sheared generation (D~3~) has very fine-grained sheared bands, which represent mixtures of white mica and chlorite with apparent disequilibrium boundaries. In most cases, the thermometry calculations from the coarse chlorite grains (microfabric type-I) yield a main result ranging from 328 to 376 °C (T3) ([Table 2](#t0010){ref-type="table"}). In the microfabric type II, the thermometry results from the sheared chlorite grains yield a temperature ranging from 305 to 132 °C suggesting sub-greenschist facies conditions.

For white mica, we first describe results from the lower unit central part ([Fig. 11](#f0055){ref-type="fig"}a). The white mica grains of the sample RE19 are coarse-grained and are in equilibrium with the surrounding mineral assemblage. In all investigated samples, the white mica shows, as unexpected for normal greenschist-facies rocks, mostly high Si contents with atoms per formula unit (apfu) ranging from 6.59 to 6.86, with the majority of data at ca. 6.80 Si apfu ([Table 1](#t0005){ref-type="table"}) and are, therefore, phengites ([Fig. 12](#f0060){ref-type="fig"}a, b). In addition, more muscovite-rich end members occur, too ([Table 1](#t0005){ref-type="table"}, [Fig. 12](#f0060){ref-type="fig"}a, b). Furthermore, these white mica grains have a low to moderate paragonite contents. In sample RE16, distinct paragonite grains occur. Paragonite is typical for low-grade metamorphic rocks ([@bb0440]). Application of the phengite barometry on white mica at a temperature of 360 °C yields a main range of high pressure of ca. 6--10 kbar ([Fig. 12](#f0060){ref-type="fig"}c) in the range of values reported for the blueschist metamorphism by [@bb0185]. In other samples, white mica yields a wide range of compositions with a dominance of Si at ca. 6.74--6.2 per formula unit ([Table 2](#t0010){ref-type="table"}) and has, therefore, in part a phengitic composition (\> 6.5). Other muscovite grains with a low Si apfu at ca. 6.2 ([Table 2](#t0010){ref-type="table"}) yield a main pressure range of ca. 9 to 1 kbar. Although the lowest pressure is not assured, they still present the decreasing pressure path ([Fig. 12](#f0060){ref-type="fig"}c). Phengitic compositions with high-Si white micas occur in the microfabric type I micro-lithons ([Fig. 11](#f0055){ref-type="fig"}; [Table 1](#t0005){ref-type="table"}), however, some phengitic compositions are also found within the micro-shear zone (microfabric type II). We note a continuous range of phengitic white mica to nearly pure muscovite ([Fig. 11](#f0055){ref-type="fig"}a, b). Phengitic white mica is common in all samples of the lower unit together with white mica of lower phengite content. The lower unit experienced, therefore, high-pressure metamorphism, and white mica grains are partly reset to low-pressure white mica indicating decompression ([Fig. 12](#f0060){ref-type="fig"}c). Decompression occurred during shearing and as a result of tectonic exhumation.

8. Paleopiezometry {#s0135}
==================

8.1. Flow stress estimate from recrystallized grain size {#s0140}
--------------------------------------------------------

Experimental studies of the syntectonic recrystallization of polycrystalline quartz and calcite have been implemented to simulate the development of natural microstructures in deformed quartz and calcite-rich rocks and to understand their formation conditions (e.g., [@bb0115], [@bb0125], [@bb0155], [@bb0275], [@bb0320], [@bb0460]). The grain size of dynamically recrystallized quartz and calcite in deformed rocks is a function of differential stress and has been proposed as a method to calibrate the magnitude of paleostress (e.g., [@bb0175], [@bb0285], [@bb0470], [@bb0465]). A suite of previously described quartzite, quartz-rich schists and calcite marbles of the RMCC are used for paleo-piezometric analysis. The samples are representative of syntectonic microstructures. For the present study, only the recrystallized uniform grain sizes from those samples were considered for paleostress estimation. Recrystallized grain sizes were measured optically on a standard petrographic microscope. Each grain was measured parallel and perpendicular to the macroscopic foliation (for further details of the method, see [@bb0020]). A minimum of 80 grains were measured in each sample. The mean grain size is calculated using the formula of [@bb0010] and [@bb0020]. The results of analysis and differential flow stresses from dynamically recrystallized grains are given in [Table 3](#t0015){ref-type="table"} for quartz and [Table 4](#t0020){ref-type="table"} for calcite. The standard error is less than 15% in the differential stress estimates. In quartz, there are two groups of grain sizes, the group 1 average size is in the range of 19--40 μm, which were formed during the D~3~ deformation-stage and the differential flow stress ranges between 55 and 95 MPa using the equations of [@bb0470], between 37 and 68 MPa according to [@bb0450], between 49 and 80 MPa by the method of [@bb0465], and between 19 and 48 MPa using the equation of [@bb0285]. The group 2 grain-size average ranges from 59 to 96 μm, which were formed during the D~2~ deformation stage. The differential flow stress is between 30 and 42 MPa using the equations of [@bb0470], between 18 and 26 MPa according to [@bb0450], between 27 and 38 MPa by the method of [@bb0465], and between 17 and 36 MPa using the equation of [@bb0285].

In the calcite in the fine-grained groups (46--96 μm), the stress similarly ranges between 38 and 87 MPa by the [@bb0400] piezometer and between 24 and 50 MPa using the equation of [@bb0425] ([Table 4](#t0020){ref-type="table"}) and microstructures indicate that these belong to deformation stage D~2~. However, the estimates range from 177 to 205 MPa by the [@bb0400] piezometer and between 93 and 105 MPa using the equation of [@bb0425] in the large twinning size group (218--252 μm) representative for deformation stage D~3~. However, uncertainties still exist in the estimation of the flow stress from the grain size, which is influenced by the presence of other phases such as mica and chlorite, as well as the chemical environment during deformation, particularly, e.g., by the presence of water.

8.2. Strain rate {#s0145}
----------------

Estimates of the strain rate are one key to understanding deformation processes. The relationships between temperature, microstructures, LPO patterns corresponding to the dominant slip systems and thermobarometric calculations of chlorites, indicate deformation under greenschist-facies conditions at temperatures of ca. 300 °C--400 °C ([@bb0155], [@bb0445]) in the RMCC. We constructed strain rates for of quartz aggregates at temperatures of 400 °C, 350 °C and 300 °C, and of calcite at temperatures of 350 °C, 300 °C and 250 °C using our flow stress data ([Table 3](#t0015){ref-type="table"}, [Table 4](#t0020){ref-type="table"}). We calculated strain rates using the quartz flow law from the works of [@bb0150], [@bb0345], and [@bb0220] to cover the range of available experimental results. When applied to the differential stress estimates from dynamically recrystallized grain sizes of quartz with the range covered by both piezometers ([@bb0450], [@bb0465]), strain rate estimates in group 1 are in the range of 4.9 × 10^− 13^--6.6 × 10^− 14^ S^− 1^ using the equation of [@bb0150], 3.0 × 10^− 12^--5.3 × 10^− 13^ S^− 1^ [@bb0345], and 8.8 × 10^− 11^--2.3 × 10^− 11^ S^− 1^ [@bb0220] at 400 °C. At 350 °C deformation conditions, the strain rate results are in range of 7.1 × 10^− 14^--9.5 × 10^− 15^ S^− 1^ using the equation of [@bb0150], 4.3 × 10^− 13^--8.5 × 10^− 14^ S^− 1^ [@bb0345], and 1.3 × 10^− 11^--3.1 × 10^− 12^ S^− 1^ [@bb0220]. In group 2 strain rate estimates are in the range of 2.3 × 10^− 14^--5.6 × 10^− 15^ S^− 1^ using the equation of [@bb0150], 2.3 × 10^− 13^--8.6 × 10^− 14^ S^− 1^ [@bb0345], and 1.1 × 10^− 11^--9.5 × 10^− 12^ S^− 1^ [@bb0220] at 400 °C. At 350 °C deformation conditions, the strain rate results are in range of 3.4 × 10^− 15^--8.1 × 10^− 16^ S^− 1^ using the equation of [@bb0150], 3.4 × 10^− 14^--1.2 × 10^− 14^ S^− 1^ [@bb0345], and 1.6 × 10^− 12^--6.2 × 10^− 13^ S^− 1^ [@bb0220].

The strain rates of calcite are calculated by using the flow law from the works of [@bb0475] and [@bb0145] to cover the range of available experimental results. The strain rate of calcite lies in the range of 3.8 × 10^− 10^--5.5 × 10^− 11^ S^− 1^ ([@bb0475]) and 6.2 × 10^− 12^--5.8 × 10^− 13^ S^− 1^ ([@bb0145]) at 350 °C, 1.4 × 10^− 12^--4.4 × 10^− 11^ S^− 1^ ([@bb0475]) and 1.0 × 10^−-13^--4.3 × 10^− 14^ S^− 1^ ([@bb0145]) at 300 °C ([Table 4](#t0020){ref-type="table"}). The series of strain rates are determined by using the flow laws with different sets of experiment parameters. The strain rates most are between 10^− 11^ and 10^− 13^ and is lower during deformation stage D~2~ than during deformation stage D~3~. At the same stress level, strain rates at lower temperatures are not so much slower than that at higher temperatures, suggesting a fast respectively high strain rate during the RMCC exhumation. The relictic lower strain rates of the group 2 mostly are possibly the result of thermal annealing during stage D~2~ deformation and the high strain rates are as the result of extension D~3~ deformation.

9. Discussion {#s0150}
=============

The new data allow a detailed discussion of a number of issues.

9.1. Rechnitz window group: a Cordilleran-type MCC {#s0155}
--------------------------------------------------

Previous authors already proposed the origin of the Rechnitz window group as a metamorphic core complex because of two reasons ([@bb0070], [@bb0075], [@bb0360], [@bb0455]): (1) The earliest Miocene greenschist facies metamorphism (23--18 Ma) of the Penninic units left no trace at the base of the Austroalpine hangingwall units, which indicates a ductile low-angle normal fault at the structural top of the Penninic units, and (2) the juxtaposition to nearby Karpatian sediments (ca. 18 Ma at the base) of the Pannonian basin fill ([Fig. 2](#f0010){ref-type="fig"}). The western boundary of the South Burgenland High is a high-angle normal fault dipping to the west ([@bb0215]), whereas the eastern boundary is rather a low-angle normal fault operative during exhumation of the Penninic units exposed within the Rechnitz window ([@bb0255]). The eastern low-angle normal fault was also found in the well Szombathely 1 ([@bb0255]; [Fig. 2](#f0010){ref-type="fig"}) and there, only a thin upper plate is covered by Karpatian sediments. The South Burgenland High represents a crustal-scale boudin within the western part of the Pannonian basin ([@bb0120]). Together, this implies extension ca. perpendicular to the South Burgenland High, in ca. ESE--WNE direction. Consequently, the Rechnitz window can be interpreted as a Cordilleran-style MCC similar to such exposed in the North American Basin-and-Range Province (e.g., [@bb0065], [@bb0500], [@bb0480]). The South Burgenland High represents a crustal-scale boudin within the western part of the Pannonian basin ([@bb0120]). A Cordilleran-type MCC is characterized by a break-away zone and by significant extension of the hangingwall unit (e.g., [@bb0260], [@bb0480]). We consider the Katschberg normal fault at the eastern margin of the Tauern MCC (Tauern window; [@bb0110]) as the break-away zone, which led to the extension of the hangingwall unit. In the area between Rechnitz window group and the Tauern MCC, a number of Miocene transtensional faults are with partly large normal offsets, which resulted into eastward tilting of blocks and subhorizontal extension ([@bb0295], [@bb0370], [@bb0385]). These blocks were laterally bounded by strike--slip fault zones in the north and south ([@bb0370], [@bb0385]; [Fig. 1](#f0005){ref-type="fig"}). Consequently, because of the presence of these major confining strike--slip faults, the Miocene extensional system of eastern sectors of Eastern Alps, is also significantly different from classical Cordilleran-type MCCs. No intrusion was found either in the Rechnitz window group nor the Tauern window, which excludes a transitional type to classical gneiss domes ([@bb0490]).

As mentioned before, we interpret the Rechnitz window group in particular as a Cordilleran-type MCC bounded by sedimentary basins, which formed contemporaneously during exhumation of the Penninic units. The infilling of the two basins in the east (Danube basin) and west (Fürstenfeld basin) indicates subsidence and sedimentation within these two basins contemporaneously with the cooling and exhumation of the Rechnitz windows group. The oldest sediments exposed in the surroundings of the South Burgenland High have a Karpatian age according to the Paratethyan time-scale, at ca. 18 Ma in the absolute time-scale. The ductile low-angle normal fault was also found in the well Szombathely 1 ([@bb0255]; [Fig. 2](#f0010){ref-type="fig"}) and there, only a thin upper plate is covered by Karpatian sediments. Consistent with the D~3~ NE--SW stretching direction within the RMCC, we speculate on an initial NE-dipping normal fault on the northeastern side of the RMCC, which was subsequently overprinted by a large east-dipping normal fault on the eastern side of the South Burgenland High ([Fig. 2](#f0010){ref-type="fig"}). In the second step, ca. N- to NNE-trending normal faults were created ([Fig. 2](#f0010){ref-type="fig"}), which imply either ca. E--W extension or sinistral transtension in continuation of the initial NE--SW stretching. A further aspect is the variation in extensional structures of the overlying Austroalpine units in a S--N section along the South Burgenland High. All these Austroalpine units went through a much earlier tectonometamorphic history during the Cretaceous with Late Cretaceous ^40^Ar/^39^Ar cooling ages of 76 to 82 Ma except for the unmetamorphic Graz Paleozoic unit ([Fig. 3](#f0015){ref-type="fig"}). The Penninic units are in direct contact with a number of different overlying tectonic units, and thick packages of rocks are cut out. Around the Bernstein and Möltern windows, the Wechsel Gneiss and Phyllite units are cut out. Because of the preservation of Late Cretaceous Ar--Ar white mica ages in overlying units lacking any metamorphic overprint at 23--18 Ma typical for underlying Penninic units, we assume that this thinning along the hangingwall detachment fault of the Rechnitz window group is the product of rapid Late Oligocene to Early Miocene processes.

9.2. Remarks to metamorphic overprint and stability of white mica and chlorite {#s0160}
------------------------------------------------------------------------------

Up until now, scarce blueschists and related high-pressure rocks were only found in the upper unit of the northwestern part of the Rechnitz window ([@bb0185]). Our new data of phengitic white mica are from the lower unit ([Fig. 11](#f0055){ref-type="fig"}a, b). This suggests, together with previous findings of clinopyroxene in the easternmost Lower Rechnitz unit ([@bb0250]), that both units suffered a similar high-pressure overprint. White mica suggests a maximum pressure of ca. 1.0 GPa ([Fig. 11](#f0055){ref-type="fig"}c). Growth of phengitic white mica occurred within foliation S~2~ and we interpret these micas as result of D~2~ shearing during nappe emplacement. The interesting point is that the rocks of both Penninic units underwent a previous high-pressure metamorphism and subsequent lower greenschist facies conditions. No detailed descriptions were given from rocks used in previous K--Ar dating (white mica) with ages ranging from 23 to 18 Ma. However, we assume that usual grain sizes above ca. 200 μm were used, from which we nearly exclusively found high-Si white mica. Consequently, these ages represent the formation and/or cooling through appropriate argon closure temperatures, ca. 425 °C ([@bb0130]), and high pressure and this temperature were maintained until Early Miocene. This stage was preserved up to a stage close to initiation of exhumation.

The new data from mostly fine-grained sheared rocks reveal that earlier formed phengite-rich white mica potentially remains stable despite later mechanical overprint during shearing. In contrast, chlorite is found to lose stability even within sub-greenschist facies metamorphic conditions during shearing. A reason could be the interaction with hydrous fluids, which are possibly hydrothermal fluids. This is believed to reset the chemical composition. We are taking, therefore, the temperatures of the chlorite thermometry only as approximate preliminary values. However, the data show that earlier microfabrics as those in micro-lithons yield higher temperatures (D~2~) than the subsequent sheared chlorites (D~3~). If the temperatures are approximately correct this would suggest that late shear in phyllosilicate-rich rocks should occur at decreasing temperatures at about sub-greenschist facies metamorphic conditions.

9.3. Deformation microfabrics and strain {#s0165}
----------------------------------------

Structural analysis from the exhumed metamorphic rocks of the RMCC has revealed the record of the polyphase evolution. A variety of well-developed deformation structures (D~2~--D~4~) are preserved in the rocks of the RMCC. The evolution of macro- and microstructures dominantly represents the plastic deformation features of main minerals (e.g. quartz, feldspar, chlorite, white mica and calcite) in response to a progressive deformation history. Microscopically, the high temperature fabrics are mainly preserved in annealed quartz grains and as relics in weakly sheared micro-lithons wherein white mica and chlorite are also oriented. Quartz displays abundant evidence for early high-temperature plastic deformation (D~2~). In some cases, preferred orientations of quartz crystallographic axes are missing and white mica was overgrowing the penetrative foliation. These features suggest annealing during subsequent metamorphism and deformation at higher temperature conditions. Microfabric analysis reveals a high temperature deformation under conditions of up to 350--450 °C, which is also evidenced by quartz crossed-girdles with high open angles and Y-maxima. Quartz c-axis fabric open-angles have been proposed as a potential thermometer by [@bb0225] with opening angles increasing. The opening angles of the crossed girdles (samples RE10, RE11) in the superimposition fabrics of Y maxima (pure shearing) plus symmetrical girdles (simple shearing) vary between 55° and 70°, which suggests deformation at relatively high temperature deformation conditions ([@bb0095]).

It is noteworthy that the microstructural and textural analysis has revealed the co-existence of microstructures ranging from higher temperatures (ca. 450 °C to lower temperatures (\< 350 °C), which overprinted earlier microstructures within the RMCC). The high-temperature microstructures and textures are in part or entirely changed by subsequent low-temperature shearing (D~3~). The abundance of microstructural styles supports the later low-temperature deformational overprint during shearing (D~3~), which was affected by ductile low-angle normal faulting. Elongated quartz ribbons, undulose and inhomogeneous extinction and deformation lamellae in quartz grains, as well as large amounts of extremely fine grains replacing ribbons, are direct evidence for low-temperature shearing. Certain minerals such as white mica show extensive grain-size reduction in mylonites and some are completely transformed into extremely fine grains and the formation of mica fish (D~3~).

Plastic deformation of calcite within the RMCC accommodated twin and grain boundary migration, subgrain rotation, and intra-crystalline slip observed in the microstructures are important processes of dynamic recrystallization (D~3~). Furthermore, the chlorite thermometers and quartz fabrics provided powerful constraints for the deformation temperature conditions. It has been suggested that the late shearing took place at temperatures far below 350 °C.

Textures of quartz from the quartz-rich mylonites in the RMCC exhibit high-temperature combined slip system prisms \<a\> and rhomb \<a\>, and low-temperature basal slips \<a\> during shearing (D~2~ and D~3~). C-axes of calcites are well exhibited, which suggest that high-temperature deformation is controlled by slip on {0001} \<11--20\> (c\<a\>) and a low-temperature deformation is characterized by twinning on {− 1018} \<11--20\> (e\<a\>). However, c\<a\> is possibly the dominant slip system deformation at high shear strain dynamic recrystallization, because the {c} maximum is stronger than the {e} one in the Z-axes normal to the shear foliation. In this case, the texture of calcite was controlled by c\<a\>, combined with a low-temperature slip e\<a\> (D~3~), which can be interpreted as the texture developed during exhumation. The wider c-maxima of LPOs could be related to a certain degree of thermal annealing after deformation, as suggested by [@bb0005].

The rocks experienced different strains under different strain regimes, which resulted from rheological behavior during deformation. The textures in our study also suggest a different amount of shear strain in which the concentration of deformation could have played a role. Paleostress estimations suggest a flow stress within the range of 30--42 MPa during D~2~ deformation (Group 2), and 55--95 MPa during D~3~ deformation (Group 1) in quartz-rich rocks and 38 to 78 MPa in calcite during mylonitization (D~3~). We interpret the paleostresses increasing from deformation stage D~1~ to D~2~ as effect of exhumation, where rocks gradually approached the level of ductile--brittle transition during D~3~, and differential stresses increased therefore.

The determined strain rates are highly variable due to high uncertainties during experimental calibration, and are also dependent on other factors like temperature and fluid content. Based on the dynamic recrystallization grain size of quartz and the deformation temperature, we estimate that the strain rate for the mylonitic rocks were 10^− 13^--10^− 11^ S^− 1^ for 400 °C during deformation stage D~2~ and faster rates of 10^− 10^--10^− 12^ S^− 1^ during deformation stage D~3~ at lower temperatures (300--350 °C). The fast strain rates during deformation stage D~3~ are consistent geological evidence, which indicates fast cooling to ca. 200 °C between 23 and 18 Ma ([Fig. 13](#f0065){ref-type="fig"}) and activation of normal faults during NE--SW and E--W extension within the sedimentary basins east and west of the South Burgenland High.

Interestingly, both strain rates and differential stresses during exhumation (deformation stage D~3~) within are higher than in other MCCs like Naxos in the Aegean Sea (e.g., [@bb0040], [@bb0405], [@bb0410]). In Naxos, a migmatite dome is present in the center of the MCC, which represents an additional heat source during exhumation. Consequently, the higher stresses in Rechnitz could be explained by the missing heating during exhumation. The faster strain rates in the RMCC during exhumation must have an external control of lithospheric-scale extension by the interplay between lateral extrusion ([@bb0360], [@bb0370], [@bb0385]) and eastward retreat of the subduction zone in the Carpathian arc ([@bb0395]). The average geological strain rates are usually estimated to be between 10^− 12^ and 10^− 16^ s^− 1^ (e.g., [@bb0350]). Our strain rate estimates are in good agreement with the expected tectonic strain rates, indicating a high strain rate and thus implying an intense localization of ductile strain. Relictic lower strain rates are possibly a result of thermal annealing during stage D~2~ thrusting, high strain rates as extension D~3~ deformation. The development of these strong microfabrics represents prism \<a\> and rhomb \<a\> slip. During exhumation, basal \<a\> slip is likely to become the more favored system, but the inherited strong high-temperature fabrics mean that prism \<a\> slip is likely to continue in these strongly oriented rocks. Basal \<a\> slip is dominant at lower temperature simple shear and at faster strain rates, causing a c-axis fabric maximum near the Z-axis of the finite strain ellipsoid.

9.4. High P--T pure shearing (D~2~) vs. low P--T simple shearing (D~3~) {#s0170}
-----------------------------------------------------------------------

Broadly speaking, a regional scale H--P metamorphism is preserved in the RMCC units. On a macro-scale, the early deformation event (D~2~) is evidenced by intrafolial folds and related deformation structures like crenulation cleavage (type 1 micro-lithons), which indicate subvertival shortening and thinning ([Fig. 8](#f0040){ref-type="fig"}c). The symmetrical fold patterns indicate that pure shearing is responsible for the D~2~ deformation. The microscopic white mica in the phyllites and schists are strongly oriented, forming the rock lineation, which suggests vertical contraction within a pure shear regime or simple shear regime. The calcites are elongated, thus providing further supporting evidence for flattening of the rocks similar to white-mica aggregates parallel to the major foliation (S~2~). The microfabrics and LPO patterns of calcite are sensitive to final stages of deformation. However, the calcite LPOs obtained from the elongated coarse grains mostly show an orthorhombic symmetry with respect to the shear plane, which resulted in dominant pure shear fabrics in the interior of zones of ductile deformation. The above mentioned evidence suggests possible pure shear of the HP grade metamorphic rocks during early tectonic evolution.

Structural, microstructural and textural analyses together suggest that higher temperature deformation (D~2~) is overprinted by low-temperature shear (D~3~). Simple shearing is the most important deformation process during the late tectonic evolution of the RMCC. The top-to-the-NNE shear sense indicators are common in those sheared rocks ([@bb0070], [@bb0365]). The preservation of asymmetrical fabrics with different characteristics and outcrop-scale shear sense indicators suggests that the shearing was a progressive deformation under low P--T conditions. Shear band and S--C fabrics are often formed by sheared mica, quartz, feldspar and calcite grains. The micro-shear zone is one of the most common microstructural characteristics, which presents discontinuous or continuous deformation depending on the total strain. Within these shear zones intensive grain size reduction of white mica and chlorite occurs. Certain rocks from the high-strain micro-shear zones are completely transformed into extremely fine grains. Shearing in these micro-shear zones has broken earlier mineral grains, e.g., white mica and chlorite, which are secondarily deformed by crystal plasticity, as evidenced by our microprobe data and microstructure observations. Some white mica or early formed phengite is broken and transformed to muscovite. The asymmetric LPO patterns of quartz indicate a late top-to-the-N or NNE shear event in quartz basal slip, which is consistent with field and microstructure observations. Compared to plastically deformed marble mylonites, non-coaxial deformation components on the calc-schists cannot be completely ruled out, but their effects are not obvious. During extensional tectonics under retrograde conditions, strain concentration resulted in the localization of deformation ([@bb0025]), where the imposed bulk strain is simultaneously distributed in a coaxial deformation, accommodating a non-coaxial deformation occurring together with pervasive dynamic recrystallization. The D~3~ deformation event in the RMCC is responsible for the development of the lowest temperature microstructures and microfabrics or overprinted microfabrics, and these structures and microfabrics may be associated with the late stages of exhumation. It seems probable that the RMCC has undergone a component of coaxial and non-coaxial deformation during the exhumation, which led to subvertical thinning in an extensional deformation regime.

10. Conclusions {#s0175}
===============

Our study of structures, microfabrics, textures, paleopiezometry and thermobarometry of the two Penninic tectonic units exposed within the RMCC allows the following major conclusions:(1)The internal structure of the RMCC is characterized by the following succession of structure-forming events: (i) blueschist relics formed due to subduction (D~1~), (ii) ductile nappe stacking (D~2~) of an ophiolite nappe over a distant passive margin succession (ca. E--W to WNW--ESE oriented stretching lineation), (iii) greenschist facies-grade metamorphism annealing dominant in the lower unit, and ductile low-angle normal faulting (D~3~) (with mainly NE--SW oriented stretching lineation), and (iv) ca. E to NE-vergent folding (D~4~).(2)Microfabrics and microstructures are related to mostly ductile nappe stacking respectively to ductile low-angle normal faulting and late-stage micro-folds. The progressive development of microstructures and thermobarometric calculations indicate deformation under greenschist facies conditions (D~2~) to sub-greenschist facies conditions (D~3~).(3)Based on the microstructure and grain size of recrystallized quartz and calcite, we estimate that the differential stress and strain rate for the mylonitic rocks were 55--95 MPa and 10^− 13^--10^− 11^ s^− 1^ respectively ca. 400 °C for fine-grained quartz and ca. 350 °C for fine-grained calcite.(4)Chlorite thermometry of the RMCC reveals two temperature groups, 328--376 °C, and 306--132 °C, related to three stages of deformation (D~2~, D~3~ and D~4~). The lower temperature group is interpreted to result from late-stage overprint under the influence of hydrous fluids, which also affected older chlorite-bearing microfabrics. Chlorite in sheared rocks is likely accessible to late-stage resetting.(5)Textures of quartz and calcite demonstrate pure and simple shear deformation under different deformation conditions. Structural, microstructural and textural analyses of quartz suggest that medium-temperature shearing (D~2~) is overprinted by low-temperature deformation (D~3~).(6)The RMCC has undergone a component of earlier coaxial and late non-coaxial deformation during the exhumation, which led to subvertical thinning in an extensional deformation regime.
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![Simplified tectonic map showing the main tectonic zones and location of the Rechnitz window at the eastern margin of the Eastern Alps.](gr1){#f0005}

![Geological sketch map of the South Burgenland High with the RMCC.](gr2){#f0010}

![Tectonostratigraphy of units exposed along the eastern sectors of the Eastern Alps. For sources of the age and degree of metamorphism, see text.](gr3){#f0015}

![(a) Geological map of the RMCC (compiled and modified after [@bb0135], [@bb0085]). Numbers denote samples used for this study. (b) Stereoplot of foliation planes and stretching lineation (D~2~ and D~3~). (c) Stereoplot of foliation planes S~4~ and fold axes F~4~.](gr4){#f0020}

![Two cross-sections across the Rechnitz window groups: (a) NNW--SSE to SE--NW cross-section across the Rechnitz window (modified after [@bb0325]). (b) NW--SE section across the Bernstein window (modified after [@bb0325]). For location of sections, see [Fig. 2](#f0010){ref-type="fig"}.](gr5){#f0025}

![Some representative outcrop-scale deformation structures of the RMCC. (a) Tectonic boundary with a thrust fault at the base of the ophiolite nappe (greenschists) overlying carbonate phyllite of the lower unit. (b) Greenschist with a well-developed stretching lineation and sheared quartz veins. The isoclinal folding due to D~2~ vertical shortening. (c) Earlier stage fabric (D~2~) and later stage fabric (D~3~) with shear bands formed during extension. (d) Extensional vein with S--C fabrics indicating top-to-the-NNE shearing (D~3~). (e) Late-stage (D~3~) shear fabrics with shear bands in the schists. (f) Top-to-the-north shear bands in the greenschist facies mylonitic schists (D~3~). (g) E-vergent folding (D~4~) with axial plane foliation S~4~. (h) E-vergent folds (D~4~) with axial plane foliation S~4~ and kink bands.](gr6){#f0030}

![Microscopic deformation characteristics of mylonitic rocks formed during D~2~ nappe stacking and thermally controlled annealing in the lower unit and ductile shear fabrics formed during D~3~. (a) Partly annealed quartz microstructures (D~2~). Quartz aggregates with relatively irregular or straight boundaries and 120° triple junction (D~2~). Subgrains are locally developed. Recrystallized white mica oriented parallel to the stretching lineation. (b) Elongated quartz grains with polygonized shape boundaries and recrystallized aggregates. S--C fabric indicating shear sense (D~3~). (c) Mica-fish and S--C fabrics indicating shear sense (D~3~). (d) Feldspar porphyroclasts with asymmetric fabrics indicating shear sense. Recrystallized white mica in the matrix oriented along the defined mylonitic foliation and lineation. (e) Mylonitic schist showing angular relationships between the main (S~a~) and the oblique (S~b~) foliation indicating the shear sense. The S~a~ is mainly defined by the alignment of mica and flattened quartz grains, the S~b~ foliation by the shape preferred orientation of dynamically recrystallized quartz and mica grains. (f) Porphyroclasts of quartz and surrounded by dynamically recrystallized grains producing a typical core--mantle structure. (g) Quartz in aggregates shows characteristics of dynamic recrystallization by subgrain formation. (h) White mica fish indicating the shear sense. The white mica is representative for two mica generations (phengite? and recrystallized muscovite).](gr7){#f0035}

![Microscopic deformation characteristics of calcite within the RMCC. (a) Remnant grains with elongated shape and thick twins (D~2~). Most thin twins and irregular grain boundaries (D~3~). A new discontinuous foliation (S~3~) formed by recrystallized mica aggregates and opaque minerals (D~3~). The fish-fabrics indicate the shear sense (D~3~). (b) Dynamically recrystallized grains (D~3~) around elongated relict grains (D~2~) producing a core--mantle structure. (c) Recrystallized calcite (D~3~). (d) Two generations of twins, thick twins in the remnants grains (D~2~) and late stage thin twins (D~3~). (e) Irregular or serrated grain boundaries of calcite with elongation oriented parallel to the shear plane. A new discontinuous foliation (S~3~) formed by recrystallized mica aggregates and opaque minerals (D~3~). (f) Elongated calcite. White mica recrystallized in the calcite into fine-grained crystals and the porphyroclasts shape presents mica-fish fabrics indicating the shear sense. (g) Latest stage dynamically recrystallized grains (D~3~) with no or weak twins. (h) Quartz porphyroclasts in the calcite are elongated and some are fully recrystallized into fine-grained crystals.](gr8){#f0040}

![Quartz textures measured by EBSD from the mylonitic rocks of the RMCC. Equal area projections, lower hemisphere, contoured at interval uniform distribution. Foliation is horizontal and lineation is in the plane in the E--W direction. The number of quartz analysis (n) in each sample is shown.](gr9){#f0045}

![Calcite textures measured by EBSD from the mylonitic rocks of the RMCC. Equal area projections, lower hemisphere, contoured at interval uniform distribution. Foliation is horizontal and lineation is in the plane in the E--W direction. The number of calcite analysis (n) in each sample is shown.](gr10){#f0050}

![Back-scattered electron microscopic images of microfabrics containing white mica and chlorite. (a) Elongated coarse grained white mica (phengite) dominated by high-pressure metamorphic D~1~ or D~2.~ (b) and (c) Unsheared coarse-grained chlorite, micro-lithons with white mica and coarse-grained chlorite, micro-shear zone with fine-grained white mica and chlorite. (d) Micro-shear zone with fine-grained white mica and chlorite. White mica grains in the sheared zone present low-Si muscovite, and the white mica grains with clear boundary have high Si contents.](gr11){#f0055}

![(a) Classification of white mica in the diagram Si--Ms (muscovite)-Pg (paragonite). (b) Classification of the representative white mica phases in the diagram Si vs. Al. Chemical analyses are summarized in [Table 1](#t0005){ref-type="table"}. (c) Phengite geobarometry (after [@bb0270]).](gr12){#f0060}

![Temperature--time cooling path of the RMCC. The summarized geochronological data are from [@bb0070].](gr13){#f0065}

###### 

Representative compositions of white mica.

  Sample no.                                                  RE4pos1   RE4pos1   RE4pos1   RE4pos1   RE4pos1   RE4pos1   RE4pos1   RE4pos1   RE4Pos2   RE4Pos2   RE4Pos2   RE4Pos2   RE4Pos2   RE4Pos2   RE9A pos1   RE9A pos1   RE9A pos1   RE9A pos1   RE9A pos1   RE9A pos1   RE9A pos1   RE9A pos1   RE9A pos1   RE9A pos1   RE9A pos1   RE9A pos1   RE9A pos1   RE9A pos1   RE9A pos1   RE9A pos1   RE9A pos1   RE9Apos2   RE9Apos2   RE9Apos2   RE9Apos2   RE9Apos2   RE9A pos1   RE9Apos2   RE9Apos2   RE9Apos2   RE9Apos2   RE9Apos2   RE9Apos2   RE9Apos2   RE9Apos2   RE10pos1   RE10pos1   RE10pos1   RE10pos1   RE10pos1   RE10pos1   RE10pos1   RE10pos1   RE10pos1   RE10pos1   RE10pos1   RE10pos1   RE28A   RE10pos2   RE10pos2   RE10pos2   RE10pos2   RE10pos2   RE10pos2   RE10pos2   RE10pos2   RE10pos2   RE28A   RE28A   RE28A   RE28A   RE28A   RE28A   RE28A   RE28A   RE28A   RE28A   RE28A   RE28A   RE29pos1   RE29pos1   RE29pos1   RE29pos1   RE29pos1   RE29pos1   RE29pos1   RE19    RE19    RE19    RE19    RE19    RE19    RE19    RE19    RE19    RE16pos1   RE16pos1   RE16pos1   RE16pos1   RE16pos1   RE16pos1   RE16pos1   RE16pos1   RE16pos1   RE16pos1   RE16pos1   RE16pos2   RE16pos2   RE16pos2   RE16pos2   RE16pos2   RE16pos2   RE16pos2   RE16pos2   RE16pos2   RE16pos2   RE16pos2   RE16pos2
  ----------------------------------------------------------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- ----------- ----------- ----------- ----------- ----------- ----------- ----------- ----------- ----------- ----------- ----------- ----------- ----------- ----------- ----------- ----------- ----------- ---------- ---------- ---------- ---------- ---------- ----------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
  *Chemical composition (wt.%)*                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        
  SiO~2~                                                      43.21     42.19     45.69     45.58     41.61     47.74     44.18     46.12     47.12     47.46     45.76     47.18     47.88     48.32     47.23       47.47       45.54       46.94       46.14       46.85       59.93       45.95       47.51       48.11       48.38       46.93       47.37       47.16       45.85       46.30       47.33       47.41      47.16      45.87      47.52      45.40      47.72       36.76      44.51      47.39      45.96      46.40      44.56      47.13      44.80      48.33      40.42      46.12      45.23      48.89      47.71      37.31      45.93      41.75      48.28      47.61      44.63      46.45   47.70      38.79      43.91      43.98      47.39      48.85      45.85      47.81      47.55      48.14   48.02   46.54   45.53   47.12   44.76   45.24   47.00   46.02   48.25   47.11   46.79   45.96      45.16      46.44      47.37      44.77      43.45      37.17      48.45   48.19   49.17   48.75   48.45   49.81   48.46   45.46   49.23   49.79      50.08      47.48      46.84      49.39      49.99      48.36      50.17      48.72      49.66      49.43      48.34      47.47      47.50      49.74      46.04      48.85      48.02      47.40      46.92      49.48      48.08      48.22
  Al~2~O~3~                                                   26.29     27.12     27.73     28.33     27.02     29.81     28.38     28.51     29.84     29.77     29.08     28.90     29.54     29.76     30.14       30.33       31.93       30.92       32.33       32.52       15.71       33.64       31.29       29.67       29.88       30.39       30.08       31.38       33.83       30.67       31.57       31.02      30.63      28.83      31.27      33.11      30.71       27.60      31.64      31.09      31.73      30.76      31.86      31.16      31.78      30.41      26.75      30.78      27.16      29.02      29.27      22.91      29.45      26.23      29.27      28.22      28.43      29.52   29.29      25.78      26.03      27.45      28.95      29.73      26.47      29.19      30.92      30.35   31.36   30.95   31.22   31.30   36.76   34.41   33.46   30.80   31.81   32.37   32.70   30.97      30.17      30.31      30.41      31.32      29.28      26.46      28.54   29.24   26.82   27.51   27.95   26.59   28.59   32.94   27.58   29.19      28.91      38.65      38.22      31.64      30.97      33.84      31.63      33.34      31.68      31.96      31.03      33.18      33.31      31.09      30.63      30.88      31.55      31.79      33.84      29.76      33.48      30.81
  MgO                                                         2.00      4.32      2.73      3.63      4.84      2.03      4.04      2.48      1.96      2.04      2.63      2.06      2.03      2.12      1.92        1.88        1.44        1.73        1.42        1.42        0.59        1.02        1.76        2.10        2.10        1.87        1.94        1.72        1.10        1.65        1.51        1.80       1.89       1.97       1.77       0.95       1.54        0.93       1.21       1.73       1.33       1.66       1.30       1.74       1.20       1.81       5.76       1.52       4.44       2.45       2.08       7.99       1.78       5.60       2.37       2.18       2.61       1.91    1.93       5.91       2.64       3.62       2.55       1.99       3.19       1.97       1.89       1.98    1.69    1.64    2.05    1.53    0.05    0.73    1.07    1.43    1.53    1.42    1.29    1.23       1.38       1.53       1.42       1.05       2.28       3.28       2.71    2.74    3.09    2.85    2.81    3.13    2.64    0.72    3.00    2.45       2.51       0.37       0.43       2.15       2.32       1.58       2.00       1.84       2.02       1.95       2.27       1.71       1.70       1.90       3.20       2.30       2.11       2.48       1.52       2.44       1.73       2.30
  Na~2~O                                                      0.27      0.33      0.27      0.36      0.30      0.38      0.32      0.35      0.44      0.40      0.35      0.42      0.36      0.39      0.52        0.46        0.82        0.56        0.89        1.18        0.88        2.91        0.65        0.40        0.43        0.59        0.41        0.76        1.09        0.68        0.63        0.44       0.51       0.39       0.60       3.19       1.11        1.58       1.10       0.71       1.51       0.63       1.13       0.67       1.77       0.50       0.50       0.50       0.43       0.44       0.49       0.43       0.44       0.49       0.48       0.38       0.48       0.54    0.41       0.54       0.62       0.42       0.40       0.46       0.46       0.49       1.03       0.41    0.61    1.29    0.74    0.67    0.03    4.13    2.48    1.35    0.62    0.76    0.94    0.67       0.52       0.47       0.52       0.65       0.48       0.79       0.35    0.35    0.38    0.41    0.30    0.36    0.37    1.00    0.40    0.32       0.29       6.53       5.66       0.44       0.42       1.33       0.49       0.84       0.51       0.71       0.51       0.78       0.81       0.55       0.61       0.49       0.53       0.94       0.80       0.42       0.77       0.46
  CaO                                                         0.13      0.19      0.08      0.01      0.18      0.00      0.05      0.08      0.05      0.06      0.06      0.06      0.04      0.05      0.06        0.05        0.06        0.00        0.01        0.04        0.15        0.06        0.03        0.03        0.04        0.04        0.00        0.00        0.02        0.03        0.03        0.01       0.00       0.01       0.03       0.09       0.02        0.18       0.04       0.04       0.04       0.02       0.03       0.02       0.10       0.18       0.62       0.40       0.31       0.13       0.18       0.99       0.18       0.51       0.05       0.14       0.46       0.15    0.58       0.74       0.33       0.57       0.19       0.08       0.31       0.17       0.10       0.04    0.02    0.23    0.23    0.07    0.26    0.14    0.14    0.22    0.19    0.12    0.14    0.17       0.05       0.02       0.00       0.08       0.30       0.19       0.11    0.03    0.09    0.08    0.09    0.03    0.03    0.02    0.07    0.05       0.04       0.05       0.07       0.00       0.00       0.02       0.02       0.01       0.01       0.02       0.01       0.00       0.00       0.01       0.01       0.00       0.01       0.00       0.00       0.00       0.00       0.00
  TiO~2~                                                      0.18      0.22      0.20      0.14      0.19      0.17      0.24      0.31      0.17      0.19      0.16      0.21      0.23      0.20      0.16        0.16        0.20        0.19        0.13        0.13        0.48        1.08        0.12        0.13        0.17        0.14        0.16        0.13        0.18        0.14        0.21        0.12       0.09       0.11       0.15       1.70       0.25        0.48       0.18       0.12       0.12       0.17       0.27       0.17       1.49       0.21       0.09       0.17       0.21       0.17       0.24       0.11       0.35       0.18       0.20       0.18       0.18       0.15    0.23       0.16       0.17       0.16       0.18       0.21       0.21       0.22       0.51       0.14    0.12    0.15    0.23    0.17    0.01    0.16    0.13    0.21    0.15    0.18    0.14    0.40       2.45       0.12       0.22       2.93       0.18       2.38       0.33    0.34    0.23    0.25    0.21    0.18    0.33    0.82    0.25    0.19       0.19       0.03       1.00       0.17       0.16       0.14       0.19       0.15       0.21       0.14       0.20       0.16       0.16       0.19       0.21       0.26       0.17       0.18       0.17       0.17       0.14       0.18
  FeO                                                         1.90      6.16      2.62      4.06      7.12      2.02      5.69      3.23      1.88      2.05      3.06      2.23      1.98      1.85      1.59        1.66        1.14        1.38        1.25        1.11        9.03        1.44        1.33        1.68        1.79        1.72        1.52        1.36        1.09        3.22        1.76        1.67       1.54       1.64       1.37       2.19       3.27        15.24      3.43       1.48       3.51       2.76       1.25       1.57       2.64       2.12       9.34       1.86       5.41       2.35       1.97       11.44      2.92       6.46       2.03       2.48       6.45       1.87    2.35       8.69       3.82       7.73       2.75       1.78       3.28       3.14       2.10       1.89    1.56    1.62    2.64    1.34    0.20    0.67    1.03    1.25    1.46    1.20    1.15    1.85       2.10       2.31       2.04       1.69       6.11       10.93      1.04    1.10    1.21    1.14    1.18    1.26    1.18    2.65    1.12    2.22       2.23       0.38       0.39       1.24       1.48       1.07       1.46       1.04       1.56       1.50       1.42       1.33       1.13       1.38       3.16       1.68       1.53       2.30       0.90       2.02       1.20       1.78
  MnO                                                         0.03      0.02      0.01      0.00      0.21      0.00      0.03      0.00      0.01      0.03      0.03      0.00      0.01      0.00      0.00        0.01        0.01        0.02        0.00        0.03        0.06        0.00        0.00        0.00        0.00        0.01        0.02        0.04        0.00        0.03        0.01        0.00       0.00       0.00       0.01       0.03       0.03        0.08       0.00       0.00       0.00       0.00       0.00       0.01       0.00       0.02       0.02       0.01       0.00       0.02       0.01       0.04       0.02       0.00       0.01       0.19       0.02       0.03    0.15       0.05       0.03       0.00       0.01       0.01       0.05       0.00       0.00       0.01    0.02    0.01    0.00    0.02    0.00    0.02    0.00    0.10    0.00    0.03    0.04    0.04       0.05       0.03       0.03       0.04       0.39       0.29       0.01    0.01    0.00    0.00    0.00    0.02    0.02    0.00    0.00    0.02       0.01       0.01       0.00       0.00       0.00       0.00       0.00       0.01       0.00       0.00       0.00       0.01       0.02       0.00       0.00       0.00       0.05       0.01       0.00       0.00       0.02       0.00
  Cr~2~O~3~                                                   0.04      0.04      0.08      0.01      0.01      0.04      0.00      0.04      0.02      0.03      0.02      0.02      0.01      0.03      0.02        0.06        0.04        0.03        0.02        0.02        0.01        0.02        0.03        0.04        0.05        0.03        0.04        0.03        0.03        0.08        0.02        0.05       0.01       0.06       0.00       0.01       0.04        0.05       0.02       0.02       0.00       0.04       0.02       0.03       0.04       0.07       0.00       0.03       0.06       0.02       0.05       0.07       0.07       0.04       0.04       0.11       0.02       0.06    0.01       0.00       0.01       0.00       0.03       0.04       0.03       0.03       0.05       0.03    0.01    0.05    0.03    0.07    0.01    0.05    0.05    0.08    0.02    0.00    0.04    0.00       0.00       0.00       0.00       0.01       0.00       0.00       0.06    0.02    0.07    0.07    0.20    0.08    0.10    0.00    0.05    0.00       0.00       0.01       0.02       0.04       0.04       0.07       0.00       0.03       0.05       0.02       0.00       0.00       0.01       0.01       0.00       0.02       0.04       0.04       0.00       0.02       0.02       0.00
  K~2~O                                                       8.63      7.61      9.25      8.46      7.27      9.80      8.13      9.07      9.82      9.86      9.57      9.88      10.07     9.90      9.02        9.19        9.01        9.22        8.66        7.87        3.67        4.46        8.81        9.27        9.49        8.78        9.47        8.76        8.95        9.16        9.07        9.03       9.09       9.40       9.11       4.59       8.48        4.40       7.77       8.91       7.47       8.82       7.66       9.05       6.45       9.39       5.31       9.46       8.34       9.95       9.22       4.04       9.62       6.54       10.28      9.94       8.08       9.05    7.94       6.21       7.56       5.70       8.57       9.99       8.65       8.53       9.35       9.15    10.08   8.78    8.80    9.66    0.03    5.10    7.05    8.46    9.54    9.75    9.51    9.75       9.81       10.27      10.31      9.86       8.48       5.64       10.85   10.79   10.59   10.52   10.44   10.33   10.62   10.11   10.44   9.45       9.52       1.63       2.31       9.37       9.18       8.23       9.03       8.88       8.99       9.02       9.13       9.09       9.06       8.96       8.29       9.30       9.18       8.13       8.94       9.52       9.10       9.54
  Total                                                       82.67     88.21     88.66     90.58     88.77     91.98     91.07     90.20     91.31     91.91     90.73     90.95     92.16     92.62     90.65       91.27       90.19       90.99       90.85       91.18       90.52       90.59       91.51       91.43       92.34       90.50       91.02       91.32       92.14       91.95       92.15       91.54      90.92      88.30      91.82      91.27      93.17       87.28      89.89      91.48      91.66      91.26      88.07      91.55      90.27      93.04      88.81      90.86      91.61      93.45      91.23      85.33      90.77      87.80      93.01      91.43      91.36      89.73   90.59      86.87      85.12      89.65      91.02      93.13      88.51      91.56      93.49      92.14   93.50   91.27   91.46   91.95   82.13   90.65   92.41   89.91   93.58   92.93   92.73   91.03      91.69      91.51      92.33      92.42      90.93      87.13      92.45   92.80   91.64   91.57   91.63   91.80   92.34   93.72   92.14   93.68      93.79      95.14      94.94      94.44      94.55      94.63      94.98      94.84      94.70      94.76      92.91      93.74      93.71      93.85      92.15      93.78      93.19      93.29      93.10      93.83      94.56      93.30
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
  *Structural formulae on the basis of 22 negative charges*                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
  Si                                                          6.62      6.20      6.56      6.43      6.11      6.57      6.26      6.51      6.54      6.55      6.44      6.59      6.59      6.60      6.55        6.55        6.36        6.49        6.38        6.41        8.23        6.26        6.51        6.62        6.61        6.52        6.56        6.48        6.26        6.41        6.47        6.51       6.52       6.57       6.50       6.19       6.49        5.70       6.28       6.51       6.34       6.44       6.33       6.48       6.24       6.56       5.96       6.43       6.38       6.64       6.61       5.82       6.46       6.16       6.60       6.64       6.33       6.54    6.62       5.89       6.57       6.31       6.58       6.63       6.61       6.60       6.45       6.58    6.50    6.44    6.32    6.47    6.35    6.19    6.35    6.44    6.50    6.40    6.37    6.41       6.29       6.47       6.52       6.18       6.21       5.70       6.65    6.59    6.80    6.75    6.70    6.86    6.66    6.21    6.76    6.70       6.74       6.09       6.03       6.56       6.63       6.38       6.61       6.43       6.57       6.54       6.54       6.37       6.36       6.63       6.34       6.55       6.48       6.40       6.32       6.65       6.38       6.52
  Al                                                          4.74      4.70      4.69      4.71      4.68      4.84      4.74      4.75      4.88      4.84      4.83      4.76      4.79      4.79      4.93        4.93        5.25        5.04        5.27        5.25        2.54        5.40        5.05        4.81        4.81        4.98        4.91        5.08        5.44        5.01        5.09        5.02       4.99       4.86       5.04       5.32       4.92        5.05       5.26       5.03       5.16       5.03       5.33       5.05       5.21       4.87       4.65       5.06       4.51       4.65       4.78       4.22       4.88       4.56       4.71       4.64       4.75       4.90    4.79       4.62       4.59       4.64       4.74       4.76       4.49       4.75       4.94       4.89    5.00    5.05    5.11    5.06    6.14    5.55    5.33    5.08    5.05    5.18    5.24    5.09       4.95       4.98       4.93       5.10       4.93       4.78       4.62    4.71    4.37    4.49    4.56    4.32    4.63    5.30    4.46    4.63       4.58       5.84       5.80       4.95       4.84       5.27       4.91       5.19       4.94       4.98       4.94       5.24       5.26       4.89       4.97       4.88       5.02       5.06       5.37       4.72       5.24       4.91
  Mg                                                          0.46      0.95      0.58      0.76      1.06      0.42      0.85      0.52      0.41      0.42      0.55      0.43      0.42      0.43      0.40        0.39        0.30        0.36        0.29        0.29        0.12        0.21        0.36        0.43        0.43        0.39        0.40        0.35        0.22        0.34        0.31        0.37       0.39       0.42       0.36       0.19       0.31        0.21       0.25       0.35       0.27       0.34       0.28       0.36       0.25       0.37       1.27       0.32       0.93       0.50       0.43       1.86       0.37       1.23       0.48       0.45       0.55       0.40    0.40       1.34       0.59       0.77       0.53       0.40       0.69       0.41       0.38       0.40    0.34    0.34    0.42    0.31    0.01    0.15    0.21    0.30    0.31    0.29    0.26    0.26       0.29       0.32       0.29       0.22       0.48       0.75       0.55    0.56    0.64    0.59    0.58    0.64    0.54    0.15    0.61    0.49       0.50       0.07       0.08       0.42       0.46       0.31       0.39       0.36       0.40       0.39       0.46       0.34       0.34       0.38       0.66       0.46       0.42       0.50       0.31       0.49       0.34       0.46
  Na                                                          0.08      0.09      0.08      0.10      0.09      0.10      0.09      0.10      0.12      0.11      0.10      0.11      0.10      0.10      0.14        0.12        0.22        0.15        0.24        0.31        0.23        0.77        0.17        0.11        0.11        0.16        0.11        0.20        0.29        0.18        0.17        0.12       0.14       0.11       0.16       0.84       0.29        0.48       0.30       0.19       0.40       0.17       0.31       0.18       0.48       0.13       0.14       0.14       0.12       0.11       0.13       0.13       0.12       0.14       0.13       0.10       0.13       0.15    0.11       0.16       0.18       0.12       0.11       0.12       0.13       0.13       0.27       0.11    0.16    0.35    0.20    0.18    0.01    1.10    0.65    0.37    0.16    0.20    0.25    0.18       0.14       0.13       0.14       0.17       0.13       0.24       0.09    0.09    0.10    0.11    0.08    0.10    0.10    0.26    0.11    0.08       0.08       1.62       1.41       0.11       0.11       0.34       0.13       0.21       0.13       0.18       0.13       0.20       0.21       0.14       0.16       0.13       0.14       0.25       0.21       0.11       0.20       0.12
  Ca                                                          0.02      0.03      0.01      0.00      0.03      0.00      0.01      0.01      0.01      0.01      0.01      0.01      0.01      0.01      0.01        0.01        0.01        0.00        0.00        0.01        0.02        0.01        0.00        0.00        0.01        0.01        0.00        0.00        0.00        0.00        0.00        0.00       0.00       0.00       0.00       0.01       0.00        0.03       0.01       0.01       0.01       0.00       0.00       0.00       0.02       0.03       0.10       0.06       0.05       0.02       0.03       0.17       0.03       0.08       0.01       0.02       0.07       0.02    0.09       0.12       0.05       0.09       0.03       0.01       0.05       0.03       0.01       0.01    0.00    0.03    0.03    0.01    0.04    0.02    0.02    0.03    0.03    0.02    0.02    0.02       0.01       0.00       0.00       0.01       0.05       0.03       0.02    0.00    0.01    0.01    0.01    0.00    0.01    0.00    0.01    0.01       0.01       0.01       0.01       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00
  Ti                                                          0.02      0.02      0.02      0.01      0.02      0.02      0.03      0.03      0.02      0.02      0.02      0.02      0.02      0.02      0.02        0.02        0.02        0.02        0.01        0.01        0.05        0.11        0.01        0.01        0.02        0.01        0.02        0.01        0.02        0.01        0.02        0.01       0.01       0.01       0.01       0.17       0.03        0.06       0.02       0.01       0.01       0.02       0.03       0.02       0.16       0.02       0.01       0.02       0.02       0.02       0.02       0.01       0.04       0.02       0.02       0.02       0.02       0.02    0.02       0.02       0.02       0.02       0.02       0.02       0.02       0.02       0.05       0.01    0.01    0.02    0.02    0.02    0.00    0.02    0.01    0.02    0.02    0.02    0.01    0.04       0.26       0.01       0.02       0.30       0.02       0.27       0.03    0.04    0.02    0.03    0.02    0.02    0.03    0.08    0.03    0.02       0.02       0.00       0.10       0.02       0.02       0.01       0.02       0.01       0.02       0.01       0.02       0.02       0.02       0.02       0.02       0.03       0.02       0.02       0.02       0.02       0.01       0.02
  Fe                                                          0.24      0.76      0.31      0.48      0.87      0.23      0.67      0.38      0.22      0.24      0.36      0.26      0.23      0.21      0.18        0.19        0.13        0.16        0.14        0.13        1.04        0.16        0.15        0.19        0.20        0.20        0.18        0.16        0.12        0.37        0.20        0.19       0.18       0.20       0.16       0.25       0.37        1.98       0.40       0.17       0.41       0.32       0.15       0.18       0.31       0.24       1.15       0.22       0.64       0.27       0.23       1.49       0.34       0.80       0.23       0.29       0.76       0.22    0.27       1.10       0.48       0.93       0.32       0.20       0.40       0.36       0.24       0.22    0.18    0.19    0.31    0.15    0.02    0.08    0.12    0.15    0.16    0.14    0.13    0.22       0.24       0.27       0.23       0.20       0.73       1.40       0.12    0.13    0.14    0.13    0.14    0.15    0.14    0.30    0.13    0.25       0.25       0.04       0.04       0.14       0.16       0.12       0.16       0.11       0.17       0.17       0.16       0.15       0.13       0.15       0.36       0.19       0.17       0.26       0.10       0.23       0.13       0.20
  Mn                                                          0.00      0.00      0.00      0.00      0.03      0.00      0.00      0.00      0.00      0.00      0.00      0.00      0.00      0.00      0.00        0.00        0.00        0.00        0.00        0.00        0.01        0.00        0.00        0.00        0.00        0.00        0.00        0.00        0.00        0.00        0.00        0.00       0.00       0.00       0.00       0.00       0.00        0.01       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.02       0.00       0.00    0.02       0.01       0.00       0.00       0.00       0.00       0.01       0.00       0.00       0.00    0.00    0.00    0.00    0.00    0.00    0.00    0.00    0.01    0.00    0.00    0.00    0.00       0.01       0.00       0.00       0.01       0.05       0.04       0.00    0.00    0.00    0.00    0.00    0.00    0.00    0.00    0.00    0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.01       0.00       0.00       0.00       0.00       0.00
  Cr                                                          0.00      0.00      0.01      0.00      0.00      0.00      0.00      0.00      0.00      0.00      0.00      0.00      0.00      0.00      0.00        0.01        0.00        0.00        0.00        0.00        0.00        0.00        0.00        0.00        0.01        0.00        0.00        0.00        0.00        0.01        0.00        0.01       0.00       0.01       0.00       0.00       0.00        0.01       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.01       0.00       0.00       0.01       0.00       0.01       0.01       0.01       0.00       0.00       0.01       0.00       0.01    0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.01       0.00    0.00    0.01    0.00    0.01    0.00    0.01    0.01    0.01    0.00    0.00    0.00    0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.01    0.00    0.01    0.01    0.02    0.01    0.01    0.00    0.01    0.00       0.00       0.00       0.00       0.00       0.00       0.01       0.00       0.00       0.01       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00       0.00
  K                                                           1.68      1.43      1.69      1.52      1.36      1.72      1.47      1.63      1.74      1.74      1.72      1.76      1.77      1.73      1.60        1.62        1.60        1.63        1.53        1.38        0.64        0.78        1.54        1.63        1.65        1.56        1.67        1.54        1.56        1.62        1.58        1.58       1.60       1.72       1.59       0.80       1.47        0.87       1.40       1.56       1.31       1.56       1.39       1.59       1.15       1.63       1.00       1.68       1.50       1.72       1.63       0.80       1.73       1.23       1.79       1.77       1.46       1.63    1.40       1.20       1.44       1.04       1.52       1.73       1.59       1.50       1.62       1.59    1.74    1.55    1.56    1.69    0.01    0.89    1.21    1.51    1.64    1.69    1.65    1.73       1.74       1.83       1.81       1.74       1.55       1.10       1.90    1.88    1.87    1.86    1.84    1.82    1.86    1.76    1.83    1.62       1.63       0.27       0.38       1.59       1.55       1.39       1.52       1.49       1.52       1.52       1.57       1.55       1.55       1.52       1.45       1.59       1.58       1.40       1.54       1.63       1.54       1.65

###### 

Representative chemical compositions of chlorites and calculated temperatures of formation (T1 to T3, see text).

  Sample no.                                                                RE4 pos2   RE4 pos2   RE4 pos2   RE4 pos2   RE28    RE28    RE28    RE28    RE28    RE28    RE28    RE28    RE28    RE29    RE29    RE29    RE29    RE29    RE16pos1   RE16pos1   RE16pos1   RE16pos1   REpos2   REpos2   REpos2   REpos2   REpos2   REpos2   RE10pos1   RE10pos2   RE4 pos2   RE10pos1   RE10pos1   RE10pos2   RE10pos2   RE10pos2   RE10pos2   RE10pos2   RE10pos2   RE28    RE29    RE16pos1   REpos2
  ------------------------------------------------------------------------- ---------- ---------- ---------- ---------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ---------- ---------- ---------- ---------- -------- -------- -------- -------- -------- -------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ------- ------- ---------- --------
  *Microfabric type*[a](#tf0015){ref-type="table-fn"}                       I          I          I          I          I       I       I       I       I       I       I       I       I       I       I       I       I       I       I          I          I          I          I        I        I        I        I        I        II         II         II         II         II         II         II         II         II         II         II         II      II      II         II
  Chemical composition (wt.%)                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
   SiO~2~                                                                   25.11      24.98      24.86      25.00      25.47   25.73   24.83   25.21   25.58   25.53   25.87   25.26   25.76   23.93   24.62   24.42   23.55   23.63   26.56      26.99      26.94      26.54      26.14    26.94    26.71    26.52    26.81    26.84    27.13      26.31      26.78      30.36      27.60      30.73      29.42      29.86      29.54      28.10      29.18      26.67   35.85   28.89      32.98
   Al~2~O~3~                                                                21.02      20.75      20.24      20.41      20.37   20.36   20.58   20.98   21.43   20.20   20.77   21.09   20.40   20.66   20.04   20.42   20.44   20.65   22.09      22.40      22.01      21.52      21.83    22.32    22.34    21.96    22.27    21.94    20.59      20.35      21.15      19.00      19.01      20.14      17.45      18.08      19.06      17.40      17.40      19.35   32.43   23.07      25.75
   MgO                                                                      14.21      14.08      14.73      14.79      13.89   14.36   13.77   14.23   14.29   13.68   13.99   14.46   14.17   10.13   9.02    9.94    9.78    10.09   18.56      18.32      17.22      16.71      15.39    18.74    18.58    15.25    16.56    16.44    15.87      14.64      13.63      13.38      11.60      11.91      13.02      11.61      14.37      16.47      13.06      14.14   5.80    15.30      13.31
   Na~2~O                                                                   0.06       0.14       0.13       0.07       0.18    0.36    0.03    0.17    0.11    0.26    0.16    0.07    0.19    0.03    0.09    0.00    0.06    0.00    0.00       0.03       0.03       0.03       0.02     0.05     0.02     0.06     0.03     0.08     0.03       0.11       0.16       0.44       0.38       0.29       0.43       0.28       0.53       0.45       0.40       0.55    1.98    0.32       0.21
   CaO                                                                      0.01       0.04       0.08       0.08       0.69    0.27    0.47    0.48    0.37    0.70    0.23    0.16    0.51    0.20    0.21    0.09    0.07    0.04    0.02       0.02       0.11       0.16       0.00     0.05     0.05     0.02     0.04     0.04     0.24       0.26       0.07       1.85       1.50       0.70       1.92       0.95       1.40       1.49       1.90       0.50    0.47    0.03       0.02
   TiO~2~                                                                   0.02       0.01       0.04       0.03       0.02    0.04    0.01    0.02    0.07    0.08    0.04    0.02    0.06    0.08    0.02    0.04    0.04    0.08    0.05       0.05       0.04       0.02       0.05     0.04     0.00     0.05     0.06     0.05     0.06       0.02       0.06       0.07       0.07       0.05       0.06       0.06       0.05       0.08       0.01       0.02    0.67    0.04       0.07
   FeO                                                                      23.90      24.19      24.09      24.22      22.01   22.94   23.87   23.30   22.81   22.32   23.02   23.67   22.95   28.77   28.98   28.90   29.59   28.81   18.03      18.10      19.94      20.84      21.62    17.88    17.72    22.62    20.22    20.98    21.01      22.31      22.31      17.33      22.13      18.21      18.64      19.75      19.34      16.50      18.17      21.55   7.02    17.69      13.21
   MnO                                                                      0.00       0.06       0.01       0.05       0.52    0.13    0.14    0.09    0.09    0.08    0.09    0.06    0.09    0.85    0.89    0.90    1.01    1.02    0.02       0.06       0.04       0.04       0.05     0.03     0.05     0.02     0.04     0.02     0.07       0.07       0.02       0.04       0.05       0.05       0.06       0.02       0.06       0.04       0.08       0.09    0.04    0.02       0.02
   Cr~2~O~3~                                                                0.04       0.04       0.02       0.02       0.00    0.00    0.00    0.00    0.04    0.00    0.02    0.01    0.00    0.00    0.05    0.00    0.02    0.00    0.00       0.04       0.01       0.02       0.01     0.00     0.00     0.01     0.04     0.04     0.03       0.00       0.01       0.01       0.07       0.00       0.04       0.04       0.03       0.02       0.04       0.00    0.08    0.01       0.01
   K~2~O                                                                    0.00       0.00       0.00       0.00       0.00    0.09    0.00    0.00    0.00    0.00    0.00    0.00    0.00    0.00    0.41    0.08    0.00    0.00    0.00       0.00       0.00       0.00       0.00     0.00     0.00     0.00     0.22     0.00     0.01       0.00       0.62       0.27       0.00       1.07       0.21       0.91       0.00       0.48       0.16       0.07    0.00    0.60       2.58
   Total                                                                    84.37      84.28      84.20      84.67      83.15   84.28   83.70   84.48   84.79   82.84   84.19   84.79   84.13   84.65   84.32   84.79   84.55   84.32   85.32      86.01      86.34      85.87      85.11    86.05    85.45    86.50    86.28    86.42    85.04      84.07      84.81      82.74      82.39      83.14      81.24      81.56      84.38      81.03      80.41      82.93   84.34   85.98      88.15
  Structural formulae on the basis of 28 negative charges (Al^IV^ = 8-Si)                                                                                                                                                                                                                                                                                                                                                                                                                     
   Al^IV^                                                                   1.27       1.27       1.28       1.28       1.20    1.21    1.27    1.26    1.25    1.19    1.20    1.27    1.20    1.31    1.21    1.26    1.33    1.33    1.25       1.23       1.21       1.22       1.23     1.24     1.24     1.22     1.22     1.21     1.13       1.16       1.13       0.77       0.95       0.74       0.77       0.72       0.88       0.92       0.77       1.08    0.59    1.05       0.80
   AlVI                                                                     1.43       1.40       1.33       1.34       1.44    1.40    1.40    1.42    1.47    1.44    1.46    1.42    1.41    1.42    1.46    1.43    1.39    1.42    1.45       1.49       1.47       1.43       1.50     1.46     1.48     1.49     1.50     1.47     1.44       1.43       1.54       1.62       1.52       1.78       1.49       1.62       1.49       1.32       1.50       1.42    3.05    1.73       2.14
   6-ΣVI                                                                    0.81       0.79       0.72       0.72       0.94    0.88    0.83    0.86    0.91    0.97    0.91    0.81    0.90    0.81    0.92    0.83    0.75    0.77    0.84       0.89       0.88       0.85       0.90     0.86     0.87     0.89     0.93     0.89     0.92       0.90       1.05       1.52       1.28       1.60       1.41       1.48       1.28       1.13       1.40       1.00    3.09    1.29       1.93
   Si                                                                       5.46       5.46       5.44       5.44       5.60    5.59    5.47    5.47    5.50    5.63    5.61    5.46    5.60    5.38    5.57    5.47    5.33    5.34    5.51       5.55       5.57       5.56       0.22     0.17     0.17     0.23     0.20     0.21     5.74       5.69       5.74       6.47       6.09       6.52       6.46       6.56       6.24       6.15       6.46       5.84    6.82    5.90       0.18
   Al                                                                       5.39       5.34       5.22       5.24       5.27    5.21    5.34    5.37    5.43    5.25    5.31    5.38    5.23    5.47    5.34    5.39    5.46    5.50    5.40       5.43       5.36       5.31       5.54     5.53     5.52     5.55     5.56     5.58     5.13       5.18       5.34       4.77       4.95       5.04       4.52       4.68       4.75       4.49       4.54       4.99    7.28    5.56       6.40
   Mg                                                                       4.61       4.59       4.81       4.80       4.55    4.65    4.52    4.60    4.58    4.49    4.52    4.66    4.59    3.39    3.04    3.32    3.30    3.40    5.74       5.61       5.31       5.21       5.45     5.40     5.44     5.42     5.44     5.37     5.00       4.72       4.35       4.25       3.82       3.77       4.26       3.80       4.53       5.38       4.31       4.62    1.65    4.66       5.89
   Na                                                                       0.02       0.06       0.05       0.03       0.08    0.15    0.01    0.07    0.05    0.11    0.07    0.03    0.08    0.01    0.04    0.00    0.02    0.00    0.00       0.01       0.01       0.01       4.87     5.73     5.72     4.76     5.12     5.09     0.01       0.05       0.07       0.18       0.16       0.12       0.18       0.12       0.22       0.19       0.17       0.23    0.73    0.13       3.85
   Ca                                                                       0.00       0.01       0.02       0.02       0.16    0.06    0.11    0.11    0.09    0.16    0.05    0.04    0.12    0.05    0.05    0.02    0.02    0.01    0.00       0.00       0.02       0.04       0.01     0.02     0.01     0.02     0.01     0.03     0.06       0.06       0.02       0.42       0.35       0.16       0.45       0.22       0.32       0.35       0.45       0.12    0.10    0.01       0.08
   Ti                                                                       0.00       0.00       0.01       0.00       0.00    0.01    0.00    0.00    0.01    0.01    0.01    0.00    0.01    0.01    0.00    0.01    0.01    0.01    0.01       0.01       0.01       0.00       0.00     0.01     0.01     0.00     0.01     0.01     0.01       0.00       0.01       0.01       0.01       0.01       0.01       0.01       0.01       0.01       0.00       0.00    0.10    0.01       0.00
   Fe                                                                       4.35       4.42       4.41       4.41       4.04    4.17    4.39    4.23    4.10    4.11    4.18    4.28    4.17    5.41    5.48    5.42    5.60    5.44    3.13       3.11       3.45       3.65       0.01     0.01     0.00     0.01     0.01     0.01     3.72       4.03       4.00       3.09       4.09       3.23       3.42       3.63       3.42       3.02       3.36       3.95    1.12    3.02       0.01
   Mn                                                                       0.00       0.01       0.00       0.01       0.10    0.02    0.03    0.02    0.02    0.01    0.02    0.01    0.02    0.16    0.17    0.17    0.19    0.20    0.00       0.01       0.01       0.01       3.83     3.07     3.06     3.96     3.51     3.65     0.01       0.01       0.00       0.01       0.01       0.01       0.01       0.00       0.01       0.01       0.01       0.02    0.01    0.00       2.14
   Cr                                                                       0.01       0.01       0.00       0.00       0.00    0.00    0.00    0.00    0.01    0.00    0.00    0.00    0.00    0.00    0.01    0.00    0.00    0.00    0.00       0.01       0.00       0.00       0.01     0.01     0.01     0.00     0.01     0.00     0.00       0.00       0.00       0.00       0.01       0.00       0.01       0.01       0.00       0.00       0.01       0.00    0.01    0.00       0.00
   K                                                                        0.00       0.00       0.00       0.00       0.00    0.02    0.00    0.00    0.00    0.00    0.00    0.00    0.00    0.00    0.12    0.02    0.00    0.00    0.00       0.00       0.00       0.00       0.00     0.00     0.00     0.00     0.01     0.01     0.00       0.00       0.17       0.07       0.00       0.29       0.06       0.25       0.00       0.13       0.05       0.02    0.00    0.16       0.00
  Temperature (T °C)                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
   T1                                                                       347        347        350        350        325     326     346     345     340     320     323     347     324     361     329     345     367     367     339        333        329        331        334      336      338      332      331      328      302        311        302        185        245        176        186        171        221        235        186        286     128     275        196.25
   T2                                                                       323        324        325        325        308     309     323     322     318     305     307     323     308     342     323     332     347     346     308        305        305        308        311      306      307      311      307      306      289        297        293        212        258        209        214        207        236        240        214        281     173     269        214.52
   T3                                                                       351        352        354        354        330     331     351     350     344     324     328     351     329     369     339     354     376     375     340        334        331        334        337      336      338      336      333      331      305        315        307        189        251        181        190        177        225        237        191        290     132     278        198

Microfabric type I Microlithon; Microfabric type II Micro-shear zone.

###### 

Paleopiezometry data for quartz and deduced strain rates.

  Grain size (μm)            Differential stress (MPa)[a](#tf0005){ref-type="table-fn"}   Strain rate $\overset{˙}{\varepsilon}$ (1/s)[b](#tf0010){ref-type="table-fn"}, 400 °C   $\overset{˙}{\varepsilon}$ (1/s), 350 °C                                                                         
  -------------------------- ------------------------------------------------------------ --------------------------------------------------------------------------------------- ------------------------------------------ ---- ---- ---- ---------- ---------- ---------- ---------- ---------- ----------
  *Smaller size---Group 1*                                                                                                                                                                                                                                                                         
  RE-8_01                    19                                                           6                                                                                       90                                         64   80   46   4.90E−13   2.51E−12   7.68E−11   7.08E−14   3.62E−13   1.12E−11
  RE-9_01                    31                                                           9                                                                                       65                                         43   58   32   1.32E−13   9.08E−13   3.27E−11   1.91E−14   1.31E−13   4.79E−12
  RE-10_01                   20                                                           6                                                                                       90                                         63   80   45   4.78E−13   2.46E−12   7.55E−11   6.90E−14   3.55E−13   1.11E−11
  RE-13                      40                                                           11                                                                                      55                                         35   49   27   6.60E−14   5.31E−13   2.09E−11   9.54E−15   7.66E−14   3.05E−12
  RE-20_01                   24                                                           6                                                                                       79                                         54   70   39   2.81E−13   1.63E−12   5.34E−11   4.05E−14   2.35E−13   7.82E−12
  RE-29                      18                                                           8                                                                                       95                                         68   85   48   6.09E−13   2.97E−12   8.84E−11   8.80E−14   4.29E−13   1.29E−11
  RE-30A                     32                                                           9                                                                                       64                                         42   57   32   1.20E−13   8.45E−13   3.08E−11   1.74E−14   1.22E−13   4.51E−12
  RE-30B                     39                                                           8                                                                                       56                                         37   50   28   7.50E−14   5.86E−13   2.27E−11   1.08E−14   8.46E−14   3.32E−12
  RE-21                      36                                                           7                                                                                       60                                         39   53   22   9.34E−14   6.95E−13   2.61E−11   1.35E−14   1.00E−13   3.83E−12
  RE-24                      26                                                           8                                                                                       73                                         50   65   37   2.11E−13   1.30E−12   4.44E−11   3.05E−14   1.88E−13   6.50E−12
  RE-25_01                   26                                                           7                                                                                       73                                         50   65   19   2.12E−13   1.31E−12   4.46E−11   3.07E−14   1.89E−13   6.53E−12
  RE-26                      31                                                           5                                                                                       65                                         44   58   21   1.35E−13   9.21E−13   3.31E−11   1.94E−14   1.33E−13   4.85E−12
                                                                                                                                                                                                                                                                                                   
  *Bigger size---Group 2*                                                                                                                                                                                                                                                                          
  RE-8_02                    79                                                           22                                                                                      35                                         21   31   17   1.05E−14   1.28E−13   6.33E−12   1.52E−15   1.85E−14   9.26E−13
  RE-9_02                    59                                                           15                                                                                      42                                         26   38   21   2.33E−14   2.37E−13   1.06E−11   3.37E−15   3.42E−14   1.55E−12
  RE-10_02                   63                                                           15                                                                                      40                                         25   36   20   1.98E−14   2.08E−13   9.52E−12   2.85E−15   3.01E−14   1.39E−12
  RE-16                      97                                                           16                                                                                      30                                         18   27   36   6.14E−15   8.43E−14   4.46E−12   8.88E−16   1.22E−14   6.53E−13
  RE-22                      96                                                           37                                                                                      30                                         18   27   15   6.28E−15   8.57E−14   4.52E−12   9.07E−16   1.24E−14   6.62E−13
  RE-25_02                   59                                                           17                                                                                      42                                         26   38   28   5.62E−15   7.87E−14   4.21E−12   8.12E−16   1.14E−14   6.16E−13

Stress estimated using differential piezometer, σ^(1)^---[@bb0470], σ^(2)^---[@bb0450], σ^(3)^---[@bb0465], and σ^(4)^---[@bb0285].

Differential strain rate calculated based on the stress estimated by [@bb0470]; $\overset{˙}{\varepsilon}$^(1)^---strain rates calculated in reference to [@bb0150]; $\overset{˙}{\varepsilon}$^(2)^---strain rates calculated in reference to [@bb0345]; $\overset{˙}{\varepsilon}$^(3)^---strain rates calculated in reference to [@bb0220].

###### 

Paleopiezometry data for calcite and deduced strain rates.

  Sample no.                         Grain size (μm)   Differential stress[a](#tf7000){ref-type="table-fn"}   Strain rate $\overset{˙}{\varepsilon}$ (1/s), 350 °C[b](#tf0020){ref-type="table-fn"}   Strain rate $\overset{˙}{\varepsilon}$ (1/s), 300 °C[b](#tf0020){ref-type="table-fn"}   Strain rate $\overset{˙}{\varepsilon}$ (1/s), 250 °C[b](#tf0020){ref-type="table-fn"}                                               
  ---------------------------------- ----------------- ------------------------------------------------------ --------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------- ---------- ---------- ---------- ---------- ----------
  *Less twinning grains---Group 1*                                                                                                                                                                                                                                                                                                                                                                                                
  RE-19                              46                13                                                     38                                                                                      24                                                                                      1.28E−11                                                                                6.24E−12   1.14E−13   2.15E−13   1.50E−14   3.90E−15
  RE-16                              67                16                                                     54                                                                                      33                                                                                      2.67E−11                                                                                3.67E−12   2.06E−13   1.26E−13   1.55E−14   2.29E−15
  RE-28bs                            62                15                                                     51                                                                                      31                                                                                      2.33E−11                                                                                3.02E−12   1.85E−13   1.04E−13   1.30E−14   1.88E−15
  RE-24                              96                17                                                     78                                                                                      45                                                                                      5.50E−11                                                                                5.03E−12   3.68E−13   1.73E−13   2.62E−14   3.14E−15
  RE-11                              107               19                                                     87                                                                                      50                                                                                      6.91E−11                                                                                3.40E−12   4.42E−13   1.17E−13   2.32E−14   2.13E−15
                                                                                                                                                                                                                                                                                                                                                                                                                                  
  *Twinning grains---Group 2*                                                                                                                                                                                                                                                                                                                                                                                                     
  RE-6                               252               34                                                     205                                                                                     105                                                                                     3.79E−10                                                                                1.23E−12   1.73E−12   4.25E−14   2.83E−14   7.70E−16
  RE-20                              226               35                                                     183                                                                                     96                                                                                      3.05E−10                                                                                1.03E−12   1.45E−12   3.56E−14   2.31E−14   6.46E−16
  RE22B                              218               41                                                     177                                                                                     93                                                                                      2.84E−10                                                                                5.81E−13   1.38E−12   2.00E−14   1.60E−14   3.63E−16

Stress estimated using differential piezometer, σ^(1)^---[@bb0400], σ^(2)^---[@bb0425].

Differential strain rate ($\overset{˙}{\varepsilon}$) calculated based on the stress estimated by [@bb0425], $\overset{˙}{\varepsilon}$^(1)^---strain rates calculated in reference to [@bb0475], $\overset{˙}{\varepsilon}$^(2)^---strain rates calculated in reference to [@bb0145].
